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CHAPTER XXX 


EMBRYOLOGY, ANATOMY, ANOMALIES, AND PHYSIOLOGY 
OF THE BLADDER 

The urinary bladder is an unpaired musculomembranous sac which 
serves as a reservoir for the urine. Into its lower and posterior portion 
the ureters empty, and from its neck the urethra arises. 

A. Embryology of the Bladder 

The human bladder is derived almost wholly from the entodermal 
cloaca. A small portion, the trigonum vesicae, arises from the inclusion 
of the proximal ends of the mesonephric ducts, and is, therefore, of 
mesodermal origin. 

The Primitive Cloaca. In very young embryos the hindgut and the 
allantois unite in a common cloaca, which is for a time shut off from the 
external surface of the embryo by the cloacal membrane, formed by the 
apposition of the ectoderm and entoderm. Into the dorsal part of the 
cloaca the hindgut opens, and from its ventral portion the allantois 
extends outward into the body stalk. At a somewhat later stage 
(about 4 mm.) the mesonephric ducts open into its dorso-lateral walls. 

Subdivision of the Cloaca. In embryos of 5.3 mm. the cloaca becomes 
divided, by the downward growth of the urorectal septum, into two parts: 
the dorsal rectum and the larger, ventral primitive urogenital sinus. The 
septum starts to grow in the angle between the allantois and the hindgut, 
and proceeds caudally until it fuses with the cloacal membrane, sepa- 
rating the latter into two portions: the anal membrane and the urogenital 
membrane. Subsequently (between 13 and 18 mm.) the anal and uro- 
genital membranes become perforate. 

The Vesico-urethral Anlage. At about 11 mm., the primitive uro- 
genital sinus, by elongation and constriction, subdivides into two 
parts: (1) a dorsal vesico-urethral anlage, which receives the allantois 
and mesonephric ducts and is connected by a narrow neck — the pars 
pelvina — with (2) a ventral portion, the pars phallica of the urogenital 
sinus , From the vesico-urethral anlage (which enlarges and receives 
the mesonephric ducts and the associated ends of the ureters) is formed 
943 
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the bladder and the posterior urethra in the male; in the female, the 
bladder and practically the entire urethra are formed here. The phallic 
segment extends into the genital tubercle of both sexes, developing into 
the cavernous urethra in the male but merging with the vestibule in the 
female. The development of the urogenital sinus has been considered 
elsewhere. 

The ureteral bud appears, at 6 mm., as a localized thickening at the 
sagittal bend made by the mesonephric duct before it reaches the cloaca. 
At first it grows laterally, but at 9 mm. it has turned and is growing 
cranially, and at 10 mm. it has reached the mesonephric duct. 

The mesonephric ducts at first open into the latero-dorsal wall of the 
vesico-urethral anlage, but, with subsequent development, their proximal 
ends become dilated (at 10 mm.) and, with the enlargement of the 
bladder, these ends are taken up into the walls of the vesico-urethral 
segment. During this process of absorption the ureters (which origi- 
nally opened on the dorsal walls of the mesonephric ducts) acquire sepa- 
rate openings into the vesico-urethral anlage lateral to the orifices of the 
mesonephric ducts. This absorption of the ends of the mesonephric 
ducts and the associated ends of the ureters gives rise to the trigone of 
the bladder and part of the prostatic urethra, which are, therefore, of 
mesodermal origin. The lateral walls of the bladder anlage grow more 
rapidly than its dorso-median (urethral) wall; hence the ureteral orifices 
are carried cranially and laterally to their final positions, while the 
mesonephric ducts, which ultimately become the ejaculatory ducts, 
retain their original cau dad position, opening dose together upon Muller's 
tubercle (the early verumontanum) in the dorsal wall of the posterior 
urethra. 

The allantoic duct, which opens into the cranial end of the bladder, 
degenerates into a solid epithelial cord — the urachus — which extends 
from the vertex of the bladder to the umbilicus and becomes the medial 
umbilical ligament. Occasionally the urachus may form, after birth, 
a patent tube opening at the umbilicus. 

Development of the Trigonum Vesicae. The trigone of the bladder 
is a smooth, triangular area situated in the base of the viscus, having 
the two ureters and the vesical orifice at its angles. It consists of the 
two muscle layers of the bladder wall — the external longitudinal and 
the middle circular — upon which are superimposed the trigonal muscle, 
which is an expansion of the longitudinal muscle fibers of the ure- 
teral wall. 
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Unlike the rest of the bladder, which is of entodermal origin, the 
trigone is derived from the mesoderm. As we have seen, it is developed 
from the walls of the mesonephric ducts, the terminal portions of which, 
by a process of absorption, are taken up, with the proximal ends of the 
ureters, into the wall of the primitive bladder. The cranio-lateral migra- 
tion of the ureters, which begins at the 13-mm. stage, causes the area 
between the ureteral orifices and Muller’s tubercle (containing the open- 
ings of the mesonephric ducts) gradually to assume a triangular form. 
Wesson found that in the 21-mm. embryo the trigone forms an equi- 
lateral triangle each side of which measures 0.36 mm. A transverse 
section of the bladder at this stage presents an appearance similar to a 
half moon; and while this investigator found that occasionally the ure- 
ters entered at the tips of the half moon, as described by most embryolo- 
gists, in the majority of cases they entered on the dorsal aspect, about 
0.03 mm. from the tips. At 80 mm. the ureters enter the bladder in an 
oblique direction. 

Epithelium and Musculature. The transitional epithelium of the 
bladder appears in embryos of about 60 mm. In very early embryos 
the primitive vcsico-urethral tract is lined by a single layer of cylindrical 
epithelium. New layers are added from the 13 to 60-mm. stage. At 
40 mm. the epithelium of the trigone consists of four or five layers, while 
that of the remainder of the bladder is composed of two layers. 

A condensation of loose mesenchyme tissue precedes the formation 
of the musculature. The first muscular layer is seen to develop as a 
longitudinal layer (at 20 mm.) and extends from the bladder apex almost 
to the ureteral orifices. Next to develop is the circular layer (at 26 mm.) 
and lastly the inner longitudinal layer (at 55 mm.). The sphincter 
vesicae does not attain its mature form until the embryo is about 90 mm. 
long (in the fourth month). 

At 3G mm. (tQ weeks), the bfadderrs a tubular structure which narrows 
down gradually as its orifice is approached. The site of the future vesical 
sphincter is indicated only by change in the size and shape of the lumen. 
The wall is uniform in thickness everywhere except in the region of the 
trigone, where it is nearly twice as thick as at any other point. Connec- 
tive tissue strands can be traced from the ureters out into the trigone, 
the trigone itself being quite definitely superimposed upon the vesical 
wall. General thickening is perceptible throughout the bladder base 
but is particularly noticeable in the interureteral area. 

At 70 mm. (thirteenth week), this thickening of the trigonal region is 
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much more marked. The musculature of the embryonal bladder can 
now be distinctly recognized as a deeper staining tissue composed of 
interlacing circular and longitudinal strands, which 'are easily differen- 
tiated from the connective tissue elements still forming the major portion 
of the bladder wall. The strands of muscle tissue are much larger and 
more abundant throughout the entire base of the bladder than in the 
remainder of its circumference, while the trigone is five times as thick 
as the remaining portion of the wall . The embryonal differences between 
it and the rest of the bladder are always in evidence. The muscular 
strands of which it is composed are much finer in texture than those 
found elsewhere, and may be traced between the two ureters and so out 
into other portions of the trigone. 

By the sixteenth week the muscular fibers of the bladder wall are 
sufficiently developed to be sharply defined from the surrounding con- 
nective tissue, and it is easy to trace from the ureteral walls the muscu- 
lar fibers forming the trigone. The mucosa of the trigone is smooth, 
although elsewhere it lies in folds. By the twentieth week there is an 
enormous increase in the size and number of the fibers forming the vesical 
sphincter. Development of the bladder musculature goes steadily for- 
ward as growth continues, the base being always the thickest part. 

B. Anatomy of the Bladder 

Position. The bladder in the adult is practically a pelvic organ, rising 
into the abdomen only when distended. In fetal and infantile life it is 
mostly abdominal, the internal urethral orifice lying on a level with the 
upper edge of the symphysis pubis; but during the first two decades of 
life it gradually descends, reaching complete descent in both sexes in 
about the twentieth year. 

In the female, the bladder is more anterior than in the male on account 
of the uterus. It also lies somewhat lower in the pelvis — the position of 
the prostate and the greater length of the urethra, necessitating higher 
placement of the bladder in the male. 

Shape: Attachments: Relation to Adjacent Structures. The shape of 
the bladder depends upon the degree of distention, the nature of its 
attachments, and its relation to adjacent structures. When empty, it 
has the form of a cone, in the male, with the vertex directed toward the 
upper part of the symphysis pubis; in the female, it is more extended in 
the transverse direction and is usually flattened from above. When full , 
it is egg-shaped, the long diameter being directed upward and forward 
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The bladder is in part an extraperitoneal organ. Its postero-supcrior 
surface is covered with peritoneum and is free and distensible; but its 
antero-inferior surface and the lower part of the lateral surfaces are 
devoid of peritoneum. The space between the anterior surface of the 
bladder and the symphysis pubis and transversalis fascia, occupied by 
areolar tissue, is known as the prevesical space or space of Relzius. Its 
upper limit is marked by the urachus, and postero-laterally it extends 
as far back as the rectum. This space is of great importance surgically 
because it permits easy mobilization of the bladder when necessary and 
because it is very easily infected during operation. 

In the male, the bladder is situated between the symphysis pubis and 
the rectum. The anterior surface lies just behind the symphysis and 
the neighboring parts of the pubic bones, from which it is separated 
above by areolar tissue only, and below by areolar tissue, the pelvic 
fascia, and the vesical plexus. The inferior surface, which is uncovered 
by peritoneum, adjoins the base of the prostate. From it the urethra 
emerges. The posterior surface is in relation with the seminal vesicles, 
the ampullae of the vasa deferentia, and the rectum, being separated 
from the last by the rectovesical pouch. 

In the empty bladder only the superior surface is directly covered 
by the peritoneum. The infero-lateral surfaces are entirely devoid of 
peritoneum. When the bladder fills, it rises into the hypogastric region. 
Therefore, the peritoneal reflexion from the apex is raised along with 
the organ, and, as a result, a considerable area of the bladder wall below 
the urachus (ligamentum umbilicae medium) becomes applied directly 
to the anterior wall, with no peritoneum intervening. When there is 
retention of urine, and a catheter can not be passed, the bladder may 
therefore be punctured immediately above the symphysis pubis without 
fear of injuring the peritoneum. 

In the female, the bladder lies between the symphysis pubis and the 
uterus. It rests upon the anterior wall of the vagina, and is connected 
with it and the cervix uteri by areolar tissue rich in veins. It is sepa- 
rated from the anterior surface of the body of the uterus by the utero- 
vesical pouch. 

The bladder is held in position by means of the prostate and urethra 
at the neck, the rectovesical (in the female, utero vesical) pouch behind, 
and by so-called true ligaments and false ligaments. The true ligaments 
are reflections of the pelvic fascia: the anterior true ligament or pubo- 
prostatic ligament, which extends from the back of the pubic bones to 
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the anterior part of the bladder and prostate, and the lateral true liga- 
ments, reflections of the pelvic fascia from the levator ani muscles onto 
the bladder at its upper portion. Extending upward from the vertex, 
to the umbilicus, and forming a superior ligament , is a fibromuscular cord, 
the medial umbilical ligament, which represents the remnant of the 
obliterated embryonic urachus. The false ligaments are simply reflec- 
tions of the peritoneum which form vesical connection with the walls 
of the pelvis and abdomen. 

Size. When moderately distended, the normal adult bladder contains 
approximately 500 cc. (1 pint). The capacity varies considerably and 
it is capable of great distention without rupture. 

Structure of the Bladder Wall. The bladder wall is composed of four 
coats: serous, muscular, submucous, and mucous. 

The serous coal is a partial one. It is derived from the peritoneum and, 
as we have seen, invests the postero-superior surface and the upper parts 
of the lateral surfaces, from which it is reflected onto the abdominal 
and pelvic walls. 

The muscular coat — detrusor vesicae — consists of three imperfectly 
defined layers of loose interlacing bundles of unstriped muscular fibers: 
an external longitudinal layer, a middle circular layer, and an incomplete 
internal layer of very delicate longitudinal fibers loosely arranged within 
the submucosa. The muscular coat is stronger at the base and weaker 
and more net-like above, where distention occurs. All three layers are 
intimately connected with one another since bundles from one go over 
into the others. The direction of the fibers and the number of layers 
into which they can be separated varies with the degree of distention, 
as the muscle fibers rearrange themselves during dilatation and contrac- 
tion of the bladder. 

The submucosa, present everywhere except over the trigone, is a vascu- 
lar areolar tissue with abundant elastic fibers. It connects the muscular 
and mucous coats and is intimately united to the latter. 

The mucosa is thin, of a pale rose color, and continuous with the mucosa 
of the ureters above and the urethra below. Over the greater part of 
the bladder it is loosely attached to the muscular coat by the submucosa, 
and lies in folds when the bladder is empty. In the distended state the 
folds disappear. Over the trigonum vesicae the mucous membrane is 
intimately attached to the underlying muscular coat and is always 
smooth and flat. The mucosal epithelium is of the transitional variety. 
The cells are of various sizes and shapes and, in the contracted state, 
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are arranged in several layers which flatten out into one or more layers 
when the bladder is distended. There are no true glands in the bladder 
mucosa, although certain mucous follicles, present particularly in the 
region of the vesical neck, have been so regarded. 

Interior of the Bladder. The postero-inferior portion of the bladder, 
directed toward the perineum, contains the vesical orifice and the tri- 
gonum vesicae. The remainder is called the body of the bladder . 

The vesical orifice (internal urethral orifice) is the most dependent 
portion of the bladder. When closed, it is shaped like an inverted 
crescent in men; in women, it is more circular. During micturition it is 
triangular in both sexes, as the result of the contraction of the trigonal 
muscle at the base and the synchronous relaxation of the two loops of 
muscle about the orifice. 

The Irigonum vesicae is a smooth, triangular area at the base of the 
bladder, and stands out markedly from other portions of the viscus. 
It is closely related to the vesical neck and to the prostatic urethra. Its 
anterior angle, or apex, is formed by the internal orifice of the urethra; 
its postero-lateral angles by the slit-like orifices of the ureters, which are 
usually about 2.5 cm. (I inch) apart and about the same distance from 
the internal urethral orifice in the undistended bladder. Stretching 
between the ureteral orifices is a fold or ridge — the interureteral ridge 
(Mercier's bar; median bar)— which, with the ureteral orifices, marks the 
base of the trigone. The ureters pierce the bladder wall obliquely, and 
each orifice presents a small fold — the ureteral ridge. The shape and 
size of the trigone display great individual variations independent of age 
sex, or the size of the bladder. The size of the ureteral orifices, and 
their relation to the interureteral ridge, also vary considerably. The 
uvula vestcae is a small, median, longitudinal projection at the apex of 
the trigone, being continuous with the verumontanum. The mucous 
membrane of the trigone differs from that of the remainder of the bladder 
in its deeper color and in that it is firmly attached to the underlying 
musculature and is smooth and free of folds. Subtrigonal glands occur 
commonly, lying between the vesical orifice and the middle of the 
trigone. As a rule, they are simple tubules lying in the mucosa, without 
fibrous envelops, but occasionally they may have one or two small 
branches and extend into the muscle layer. They are of little clinical 
importance unless they hypertrophy and ’cause obstruction to urination. 

The bas-fottd or postprostalic pouch is the depressed area in the poste- 
rior wall just behind and above the trigone. It enlarges in prostatics 
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and then contains retained urine. It is also a favorite lodging-place 
for calculi. 

The Bladder Musculature. The bladder wall contains three groups 
of muscle fibers which, with the external sphincter (sphincter urethrae) 
and the accessory urethral and perineal muscles, form the musculature 
of micturition (Physiology of the Bladder, p. 968). These muscular 
structures are (1) the detrusor vesicae, (2) the trigonal muscle, (3) the 
internal “sphincter.” 

The Detrusor Vesicae. Detrusor vesicae is the term used to denote 
the entire thickness of the muscular coat of the wall. The detrusor is 
the most powerful muscle concerned in micturition. It is composed of 
three imperfectly defined layers of unstriped muscle — an external longi- 
tudinal, a middle circular, and an incomplete internal longitudinal — 
which are so interwoven that they really constitute a functional unit. 
The middle circular is the strongest and most complete layer. The 
detrusor is attached to the back of the symphysis pubis and to its own 
fibromuscular arrangement at the vesical neck, which, in turn, is attached 
to the base of the prostate in the male and to the upper part of the 
urethra in the female. 

The external longitudinal layer consists of rather coarse bundles of 
fibers arranged more or less longitudinally. As they approach the vesical 
orifice, the longitudinal fibers converge into relatively narrow bands on 
both the anterior and posterior surfaces. The posterior band of longi- 
tudinal fibers passes between the ureters and forms a very definite tract. 
Most of the fibers pass forward between the prostate and the bladder 
mucosa, and diverge slightly to form two muscular bands which pass 
forward and downward on either side of the urethra and then, at the 
upper level of the urethra, swing medially to form a loop about the ure- 
thra. Together with striated muscle fibers of this region, with which 
they blend, these fibers form the external urethral loop (external arcuate 
muscle of Young and Wesson; external vesical sphincter of Henle and 
McCrea). In the male, some of the fibers from the posterior longitudinal 
band become lost in the prostate; others terminate in the circular fibers 
of the vesical neck; while still others pass vertically downward within 
the ring of the external urethral loop to unite with the submucosal layer 
of the urethra. In the female, certain fibers from the posterior band 
pass downward into the posterior wall of the urethra. Most of the 
longitudinal fibers sweeping down the anterior surface of the bladder 
terminate at the vesical neck in the fibromuscular detrusor ring. A few 
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sweep laterally away from the bladder neck and become attached to the 
posterior aspect of the pubes; a few follow the course of the circular fibers; 
while others continue downward on the anterior aspect of the prostatic 
urethra to form an internal longitudinal layer of the urethra. 

The middle circular layer is composed of coarse muscular bundles circu- 
larly arranged for the most part and of considerable thickness except in 
the trigonal region. About the point of entry of the ureter the circular 
fibers diverge and a Y-shaped structure results, the stem of the Y lying 
interiorly and the ureter entering between the limbs of the Y. As the 
base of the bladder is approached, the bundles passing anteriorly from 
the stem of the Y on either side are especially well marked and com- 
pact (McCrea). 

The detrusor vesicae is innervated by the pelvic nerves (parasympa- 
thetic) from the sacral portion of the cord and by the hypogastric nerves 
(sympathetic) from the thoracicolumbar portion of the cord (Innerva- 
tion, p. 969). 

The Trigonal Muscle. The trigonum vesicae, as already described, 
is a smooth, triangular area lying at the base of the bladder, its angles 
being marked by the two ureteral orifices above and the internal urethral 
orifice below, at the apex. Two layers of the detrusor — the external 
longitudinal and the middle circular — enter into the formation of the 
trigone. Superimposed upon these is the trigonal muscle, which is a 
definite entity, and is actually an expansion of the longitudinal muscle 
fibers of the walls of the ureters. Its fibers extend fanwise from the 
ureteral orifices: some, passing medially, form the interureteral ridge 
which marks the upper boundary of the trigone; others interlace with 
those from the opposite side in the middle of the trigone; and still others 
pass downward to the vesical orifice, forming the ureteral ridges (Bell’s 
muscles). As Bell originally pointed out, these two muscles converge 
at the vesical orifice, causing the trigonal muscle at this point to be 
greatly thickened. The fibers pass through the vesical orifice and con- 
tinue downward along the urethra, thinning out to form an internal 
longitudinal layer on the posterior aspect of the prostatic urethra. 

Behind the interureteral ridge the circular layer of the detrusor is 
formed of large, loose bundles of muscle fibers, but as it passes beneath 
the median bar the bundles become smaller and more compact. The 
longitudinal bundles also become more compact as they pass under the 
trigone to the vesical orifice. These longitudinal bundles are surrounded 
by elastic fibers which, when the muscle terminates, persist and pass on 
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through the circular layer to disappear at its upper edge. These fibrils, 
Wesson believes, may form an attachment or tendon for the muscle 
fibers which end in this region. 

The rounded eminence at the apex of the trigone — the uvula vesicae — 
is formed by the submucosal convergence of many muscular fibers as 
they pass through the detrusor ring. 

The trigonal muscle is innervated by the sympathetic fibers of the 
hypogastric nerves only, while the bladder wall has sympathetic and 
parasympathetic fibers. 

The Internal “ Sphincter .” The internal “sphincter” (sphincter vesi- 
cae), unlike the external sphincter (sphincter urethrae), is not a simple 
annular muscle constricting the vesical orifice, but an exceedingly com- 
plex arrangement that has given rise to much study and controversy. 
To date, however, the disputes regarding its details of structure and 
mechanism of activity have not been fully reconciled. Outstanding 
among the contributors to this subject have been Young and Wesson 
(1920) and McCrea (1926). 

(Young and Wesson’s Theory.) The theory of Young and Wesson is 
that the vesical orifice is closed by two loops or arcs, one— the external 
arcuate muscle of the vesical orifice — arising from the external longitudinal 
layer of the detrusor vesicae, and the other— the internal arcuate muscle 
of the vesical orifice — arising from the middle circular layer of the detru- 
sor. Their investigations showed that certain fibers of the posterior 
longitudinal band pass forward into the vesicoprostatic groove, and 
diverge slightly to form two muscular bands which pass downward on 
either side of the urethra, and, at its upper level, swing medially to form 
a loop about the urethra (external arcuate). The fibers from the circu- 
lar layer of the detrusor pass around the bladder to a point just opposite 
the vesical neck; here some of the fibers from the region posterior to the 
vesical orifice swing downward and forward obliquely and pass as thin 
bands within the loop of the external longitudinal muscle, and, swinging 
around the urethra in the region opposite the verumontanum, form a 
loop about the urethra (internal arcuate). 

The opening of the vesical orifice during micturition, according to these 
investigators, is not an inhibitory action but is primarily the result of 
the contraction of the powerful trigonal muscle which passes in the form 
of an arc through the weaker arcuate muscles at the vesical orifice and 
pulls them mechanically open on contraction. This view was confirmed 
by endoscopic and cystoscopic studies, as the trigonal musde was seen 



ANATOMY AND PHYSIOLOGY OF BLADDER 


953 


to contract and pull open the vesical orifice. Since pharmacological 
and embryological studies show that the trigonal muscle has an origin 
and nervous control different from those of the rest of the bladder, it is 
reasonable to suppose that it has independent powers of contraction and 
relaxation. The investigations of Wesson showed that the trigonal 
muscle is placed superficially in regard to the other muscles at the bladder 
neck, and that it passes downward and forward over the posterior border 
of the vesical orifice to form an internal longitudinal layer over the 
posterior aspect of the prostatic urethra, eventually reaching an insertion 
in the region of the verumontanum. The vesical and urethral sections 
of this muscular structure do not lie in a single plane, but are set at an 
angle which occurs at the vesical orifice, corresponding to the uvula 
vesicae. In contracting, the trigonal muscle straightens out this angle 
and draws back the lower lip of the vesical orifice, thus pulling open 
the internal sphincter. Young and Wesson found that removal of the 
trigone results in difficult and incomplete micturition; but that if one- 
half of the trigone is removed, the remaining half functions and the 
bladder can be entirely emptied. The same is true of a split trigone, 
although a split trigone is functionally inferior to one with its median 
bar intact. 

While Young and Wesson have described the downward action of the 
trigonal muscle in straightening out the angle formed at the uvula 
vesicae, they have not stressed the importance of its peculiar triangular 
form. According to Macalpine, the two ureteral ridges (Bell's muscles) 
converge at the vesical orifice and, as they enter this opening, alter their 
course and run side by side down the urethra. When contracting, these 
two divergent limbs must become straightened out, and thus exert an 
outward as well as a downward traction on the orifice, in this way opening 
it transversely as well as vertically. 

(McCrea’s Theory.) McCrea’s investigations led him to conclude that 
two systems of circular fibers go to form the internal “sphincter.” Three 
muscular components form the basis of his description: (1) the detrusor 
ring, (2) the urethral loop with internal and external portions, to which 
he confusingly applies the terms “internal sphincter” and “external 
sphincter”; (3) the urethral bands. 

The detrusor ring is a fibromuscular ring encircling the bladder neck, 
most marked anteriorly and laterally, and formed by fibers of the middle 
circular layer of the detrusor vesicae, certain tendinous fibers, and the 
terminations of most of the anterior fibers of the external longitudinal 
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layer of the detrusor vesicae. This fibromuscular mass appears to be 
anchored by the pubovesicalis muscle. Lateral expansions from this 
ring sweep downward and pass along the superficial and lateral aspects 
of the urethra. These fibers are best seen in the female; in the male 
the prostate interferes with their continuity. The detrusor ring contains 
numerous muscle bundles, which are plainly discernible anteriorly and 
laterally but are deficient posteriorly. 

Immediately below this incomplete detrusor ring, the internal urethral 
orifice is surrounded by a sphincter composed of closely knit fibers which 
differ considerably in appearance from those of the circular coat, and it 
is improbable that this is a continuation of the circular layer of the 
detrusor vesicae. This sphincter lies below the crescent-shaped detrusor 
ring and is especially well marked posteriorly, where i t extends for a short 
distance up into the trigonal region. Its fibers, especially the lower ones, 
extend downward as well as forward, and the lowest lie deep to the ex- 
ternal loop. The muscle, viewed from the lateral aspect, therefore, ap- 
pears fan-shaped. To this proximal and internal loop McCrae, like 
Henle, applies the term internal vesical sphincter. 

The distal and external loop — external vesical sphincter — is formed 
from the posterior longitudinal unstriped muscle together with striated 
fibers derived from an upward prolongation of urethral fibers. Together 
with the proximal and internal loop — internal vesical sphincter — it forms 
a band which embraces the proximal urethra above the prostate, just 
distal to the internal urethral orifice. This is a very distinct ring in the 
infant, and is identical in both male and female. 

A noteworthy point, of which McCrea found no previous record, is 
the presence of striated muscle fibers (voluntary) intermingling with the 
smooth muscle fibers in the trigonal region — a finding of considerable 
functional significance. He observes: 

“Their course is very similar to that of the fibers in the internal sphincter; they 
pass downwards and forwards on each side from the trigonal region and lie between 
the posterior longitudinal fibers and the internal sphincter; they ultimately join 
the external sphincter. They extend an appreciable distance above the vesicaf 
orifice and their general form is that of a horseshoe Their presence may help to 
explain the voluntary movement of the trigone, which Young has noted, and which 
may be observed during a cystoscopic examination if the patient be directed alter- 
nately to ‘pass water’ and to “hold water.’ . . . The whole picture of these muscles 
suggests that the trigonal region belongs to the urethra and has become incorporated 
in the bladder, this view’ is borne out by what we know in embryology. The sphsne- 
teric fibers found beneath the trigone, both striated and unstriated, therefore repre- 
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sent the distorted posterior urethral wall, and the bladder muscles proper have no 
share in the sphincteric mechanism except through the fibers of the posterior longi- 
tudinal bundle.” 

The internal “sphincter” receives sympathetic motor fibers through the 
hypogastric nerves from the thoracicolumbar portion of the cord and 
parasympathetic inhibitory fibers through the pelvic nerves of the sacral 
portion of the cord. 

Blood Supply of the Bladder. The control of hemorrhage is a major 
problem in any surgical intervention in and about the bladder, par- 
ticularly the vesical neck. A thorough knowledge of the distribution of 
the vessels likely to be encountered when operating in this region is essen- 
tial to the surgeon; yet there is a notable lack of text-book and other 
published material regarding this phase of vesical anatomy. The chief 
sources of information concerning the vascular supply of the bladder and 
vesical neck are the studies of Fenwick (1885), Keiffer (1898), Farabeuf 
(1905), and Tsaknis (1929). It is noticeable that every one of these 
authors speaks of the paucity of information upon this important sub- 
ject. 

The Arteries. The bladder receives its blood supply on each side from 
the superior vesical, inferior vesical, and anterior ascending vesical 
arteries, derived from the anterior trunk of the hypogastric (internal 
iliac) artery. When the arteries have reached the bladder, they sub- 
divide into numerous branches. These form a plexus from which are 
given off many tiny arterioles which penetrate the bladder musculature 
and course through the mucosa, eventually forming another plexus in 
the submucosa. The obturator and inferior gluteal arteries also supply 
small branches to the bladder, and in the female additional branches 
are derived from the vaginal and uterine arteries. 

The superior vesical artery arises from the umbilical artery, passes 
medially to the upper portion of the bladder, and anastomoses with the 
other vesical arteries. 

The inferior vesical artery is a bifurcation of the genitovesical, the other 
branch being the prostatic artery'. The course of these vessels roughly 
parallels that of the ureter of the corresponding side, and their entrance 
into the bladder is close to the point where the ureter pierces the bladder 
wall. Here the main artery on each side divides into several branches, 
a number ol which take their course to the vesical neck while others are 
distributed to the base and the lower part of the lateral walls, and some 
to the antero-inferior and postero-superior walls. At the base of the 
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bladder the inferior vesical artery anastomoses with brandies from the 
prostatic artery. 

As the point of origin of the genitovesical artery is extremely variable, 
the surgeon is by no means certain of finding any or all of its branches 
where anatomical charts place them. The main trunk sometimes runs 
in front of the ureter, and again considerably behind it. The point of 
bifurcation likewise varies markedly in different individuals. In general, 
the origin of the genitovesical artery is high up if the artery is found to 
pass in front of the ureter. This origin depends, in turn, upon the 
relation of the ureter to the hypogastric artery. If this is abnormal, 
so that the hypogastric artery comes into relation with the ureter very 
high up, the genitovesical (which originates in the hypogastric) will be 
forced to descend behind the ureter. In apparently normal persons, 
therefore, there may be found a divergence all the way from one or two 
millimeters to a centimeter and a half intervening between the ureter 
and the genitovesical artery. The small branches reaching the vesical 
neck will be correspondingly altered in their positions. 

At the point where the genitovesical artery bifurcates into the inferior 
vesical and the prostatic, the arterial branches are so enmeshed in vesical 
veins that it is often difficult to trace them without resorting to dissection. 
Arteries, veins, and nerves surround the urethral orifice and the upper 
third of the urethra, forming what Tsaknis terms the urethrovascular 
pedicle. 

In general, therefore, it is the inferior vesical arteries (branches of the 
genitovesical) which supply the bladder neck and the trigonal region, 
anastomosing with offshoots of other vesicular arteries and the hemor- 
rhoidal branches. Sometimes branches of the vesiculodeferential artery 
are directed toward the base of the bladder. 

The Veins. The veins of the bladder drain anteriorly into the pro- 
static plexus (of Santorini) and into the lateral vesical plexus situated 
near the point where the ureter penetrates the bladder waff. They 
eventually empty into the hypogastric vein. 

The vesical veins may be divided, for the convenience of description, 
into the anterior, lateral, and postero-inferior groups. 

The anterior veins arise in the dome of the bladder and pass through 
the umbilical and prevesical fascia and the allantoid sheath in the general 
direction of the bladder neck, where they anastomose with the lateral 
veins. After passing between the two pubovesical ligaments, or, oc- 
casionally, behind them, these veins empty into the plexus of Santorini. 
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The median veins, which are larger than the rest of this group, can easily 
be injured during a suprapubic cystostomy, so that care should be taken 
to make the incision between them. 

The number of lateral veins varies considerably in different individuals, 
but they are always numerous. Descending laterally through the 
allantoid sheath, they empty into either the vesical plexus or the plexus 
of Santorini. They also anastomose freely with the anterior and pos- 
terior groups. 

The postero-infertor group includes the veins from the postcro-superior 
wall and its peritoneal covering, the bladder neck, and the trigonal 
region. The veins of the postero-superior bladder wall are visible as 
soon as the peritoneum is exposed. They all take a downward course 
but frequently diverge as they descend so as to run off at acute angles. 
At each side they anastomose with the veins of the lateral and anterior 
groups. Most of them eventually reach the lower wall of the bladder 
and empty into the plexus of Santorini. The veins which arise at the 
trigone and vesical neck course through the posterior layer of the allan- 
toid sheath, taking a forward and upward, then backward, course to 
empty into the plexus of Santorini in front and the vesical plexus behind. 

A knowledge of these blood vessels and their relations is of the utmost 
importance to the surgeon. In addition, he should be prepared to deal 
with wide variations from what has more or less arbitrarily been ac- 
cepted as normal. 

The Lymphatics of the Bladder. The lymphatic vessels of the bladder 
originate in the mucosa whence they pass through the musculature to 
the external surface. Those from the anterior wall drain into the external 
iliac glands. In their course are situated two groups of minute nodes; 
an anterior vesical, in front of the bladder, and a lateral vesical , in relation 
to the lateral umbilical ligament. The vessels from the posterior surface 
and trigone drain into the hypogastric, sacral, and external and common 
iliac nodes. Those draining the postero-superior surface traverse the 
lateral vesical nodes. 

Innervation of the Bladder. The innervation of the bladder is de- 
scribed under Innervation of Micturition (p. 969). 

C. Anomalies of the Bladder 

The various congenital anomalies of the urinary bladder are the re- 
sults of arrested or abnormal embryological development. Ordinarily, 
the small lumen of the urachus is practically obliterated at birth by 
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proliferated and desquamated epithelial cells from its lining membrane. 
Occasionally, however, there are deviations in the process of this de- 
generation, and the canal remains completely or partially patent, result- 
ing in urinary fistulas, discharging umbilical sinuses, diverticula, and 
cysts. Failure of the fetus to develop an anterior wall results in ex- 
strophy of the bladder. Other, rarer anomalies are absence of the 
bladder, double bladder, and hour-glass bladder. Congenital diverticula 
appear to be rare, although authorities differ regarding the etiology of 
vesical diverticulation, some claiming that all such diverticula are of 
congenital origin and others that they are acquired. Since obstruction 
appears to be a constant factor in diverticulum, whether congenital 
or acquired, and since no useful purpose is served by distinguishing be- 
tween the two forms, they will be considered together (Diverticulum of 
the Bladder, p. 1080). 

Absence of the Bladder 

Absence of the urinary bladder is extremely rare, only a very few 
cases having been recorded. It is usually associated with other con- 
genital abnormalities. The ureters open on the body wall or into the 
urethra. 

Duplication of the Bladder 

It is impossible to ascertain the true incidence of double bladder, since 
many cases of diverticulation were described as vesica duplex in the 
older literature. It is undoubtedly a very rare anomaly, however. 
Cathelin and Sempe (1903) collected 32 cases of double bladder from the 
literature, only 17 of which they considered authentic. 

Etiology. Vesical duplication is due to an isolation of each half of the 
bladder in its fetal development. The normal single bladder, as de- 
scribed under Embryology, is the developmental end-product of the 
complete fusion of the vesical portion of the two mesonephric ducts. 
Incomplete coalescence, of various degrees, results in such anomalies as 
true double bladder, hour-glass bladder, and multiple loculations. 

Pathology. In true double bladder the two separate halves, each with 
its ureter, usually unite at the base to empty through a common urethra. 
Nesbit and Bromme (1933) reported a case of duplication of the bladder, 
penis, and corpora cavernosa, in which two incomplete urethras opened 
into distinct right and left bladders with no communication between 
them. A single normal ureter entered each bladder. Neither bladder 
contained a trigone. 
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An apparent duplication may be produced by an intravesical mem- 
branous septum which may be placed sagittally, dividing the bladder into 
right and left compartments, or in the frontal plane, giving anterior and 
posterior chambers. The two halves usually communicate with each 
other by a small perforation, and in almost all cases each half is en- 
tered by a ureter. 

Treatment. Any treatment would depend upon the pathological 
changes and symptoms produced by the abnormality. Most of these 
maldcvclopmcnts occur in association with some other congenital 
anomaly, and the majority of the reported cases were found at autopsy. 

Hour-Glass Bladder 

The term “hour-glass” has been loosely applied to various deformities 
of the bladder, including diverticulum, patent urachus, and certain 
acquired hypertrophic and cicatricial transverse ridges which develop in 
the presence of lower-tract obstruction or follow trauma or infection. 
True congenital hour-glass bladder is one in which the viscus is divided 
into an upper and a lower compartment, of varying relative size, by a 
partial transverse diaphragm. There is a narrow channel of communi- 
cation between the two chambers (as in an hour-glass), which varies 
considerably in diameter. The ureters may enter the lower chamber of 
the bladder, as in the cases reported by Fothergill, MUller, Passow, Caulk, 
Kretschmer and Morris, Young, Kearns and Turkeltaub, and Eisen- 
staedt and McDougall; or they may enter the upper chamber, as re- 
ported by Detweiler, Fuller, Cutler, and others. The anomaly, although 
apparently very uncommon, is of great diagnostic importance when it 
does occur. 

Etiology. A number of theories have been advanced to account for 
this anomaly. The most plausible would seem to be that either type of 
hour-glass bladder is the result of an unequal growth of the normally 
separate anlagen of the bladder. In support of this view Eisenstaedt 
and McDougall point out that the portion of the bladder between the 
ureteral orifices and the colliculus is of mesodermal origin, while the 
bladder cavity itself is of entodermal origin; that the anlage of the ureter 
is gradually taken up by the anlage of the bladder, and any failure of 
perfect coalescence of these two structures of different origin could pro- 
duce transverse folds or fibromuscular ledges either above or below the 
entrance of the ureters into the bladder. 

Pathology. The pathological changes in the bladder are largely the 
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result of interference with the normal functioning of the detrusor muscle 
due to the presence of the abnormal fibromuscular diaphragm. One 
chamber must empty into another, resulting in prolonged, difficult mic- 
turition, with, usually, incomplete emptying of the bladder. Residual 
urine ultimately develops, particularly if the communication between 
the two compartments is narrow, and the onset of infection produces 
the usual symptoms of cystitis. The increased effort necessarily put 
forth by the bladder musculature eventually causes hypertrophy of the 
wall. 

Symptoms and Diagnosis. The symptoms are variable and in no way 
pathognomonic. In some of the reported cases there was a history of 
difficulty in emptying the bladder in childhood; but in other cases no 
symptoms were manifest until well past middle life, when the presence 
of the congenital ledge increased the severity of symptoms produced by 
unrelated factors, such as obstructive changes at the vesical neck. 

The diagnosis is made by cystoscopy and cystography. 

Differentiation must be made from patent urachus, which is usually 
easy, and from acquired transverse septums and diverticula. The last 
may be difficult. Important differential points are; (1) the history 
(diverticula usually developing subsequent to an obstruction); (2) con- 
sistent lack, in the diverticulum, of the muscular elements and their 
arrangement, as seen in the bladder; (3) the smoothness of the mucosa 
covering the thick, shelf-like division in the hour-glass conformation in 
contradistinction to the wrinkled mucous membrane invaginated into a 
diverticular cavity (Kearns and Turkeltaub). 

Treatment. Eisenstaedt and McDougall recommend surgical resec- 
tion of the constricting septum, which, in their case, was followed by a 
remarkable return to normal function and normal outline of the bladder. 
Caulk strongly advocates complete resection, which was easily accom- 
plished in his own case (in which the ureters opened into the lower cham- 
ber), but would not, of course, be feasible when they enter the upper 
chamber. Other authors have recommended incision. 

Exstrophy of the Bladder 

Definition. Exstrophy of the bladder is a congenital anomaly in which 
the anterior wall of the bladder and the corresponding portion of the 
anterior abdominal wall are lacking, so that the inner surface of the 
posterior bladder wall, partially everted, protrudes on the abdomen. 
Sometimes it amounts to only a slight exposure of a section of the trigone. 
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but in most cases the deft is far more extensive. A careful examination 
will demonstrate that what, at first sight, appears to be a split in the 
pubic region, is actually only a separation of the recti muscles, usually 
confined to the mons veneris but in some reported cases reaching as 
high as the xiphoid process. 

The essential factor in the condition appears to be an error or arrest 
in the development of the anterior part of the allantois and the lower seg- 
ment of the abdominal parietes. The symphysis is absent and the an- 



terior part of the pelvic girdle deficient because the pelvic bones are not 
normally developed. This results in a wide separation below of the 
recti muscles, so that they find their insertion in the pelvic bones by 
passing obliquely outward. This forms a space, roughly triangular in 
shape, into which the posterior wall of the bladder faces in the absence of 
the anterior wall. When exstrophy is complete, the symphysis will be 
separated for a distance of from 2 to 8 cm., the gap being filled in with 
connective tissue. 
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'The ureters expel urine externally, and the constant dribbling of urine 
produces an intolerable condition. Epispadias is always present. 

Incidence. The condition, fortunately, is relatively rare, although the 
literature upon the, .subject is extensive and the reported cases many. 
Reliable statistics place the incidence at about 1 case to 40,000 or 50,000 
births. It is encountered more frequently in the male than in the female 
(5 to 1). 

Etiology. There is still considerable disagreement about the etiology 
of exstrophy of the bladder and its accompanying anomalies. The 
various causative hypotheses fall into three groups: mechanical, patho- 
logical, and embryological. 

(1) The mechanical theory: Exstrophy' is the result of an intrauterine 
rupture of a completely formed bladder. The first stage in the process 
is the closing up of the urethra, causing retention of urine. The pubic 
bones, at this time scarcely cartilaginous and still ununited, are kept 
apart until they become hardened. At the same time the recti are sep- 
arated, so that little by little, by the intravesical pressure of urine, the 
bladder presses against the abdominal wall and finally ruptures and forms 
adhesions to the borders of the split. 

(2) The pathological theory, advanced by Keith and concurred in by 
von Geldern: Toxins from an endometritis, or any other form of infection 
or irritation, produce a separation of the lateral walls of the caudal por- 
tion of the embryo. Von Geldern explains this theory' as follows: The 
arrest affects the parts which have not completed their embryonal 
development at the onset of the infection. When the development 
recommences, certain primitive embry’onal structures are maintained 
and developed as such, and those that should have undergone differen- 
tiation, if no arrest had occurred, fail to do so. 

(3) The embryological theories are quite numerous. Some authors 
consider the condition to be caused by failure of the primitive somato- 
pleures to unite in the midline. Others, including Keibel, believe it may 
result from a persistent open blastopore. Still others attribute it to an 
arrested growth of the abdominal wall with extension of the cloacal 
membrane and cloaca, the splitting of which forms the anomaly. Gibs’ 
theory is that normally the infra-abdominal wall is strengthened by the 
median growth of the protovertebral laminae of mesoderm, which give 
rise to the abdominal muscles and fasciae; but if these muscles are 
arrested in their development, so that they do not reinforce the cloacal 
membrane, the latter breaks down and exstrophy results. 
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Wybum (1937), from a study of a series of embryos ranging from 1.4 
to 40 mm. in length, concluded as follows regarding the etiology of ex- 
strophy: (1) At an early stage the cloacal membrane is a relatively large 
area of contact of ectoderm and entoderm extending some distance along 
the allantoic diverticulum; (2) the allantoic cloacal membrane is later 
obliterated by the mesoderm pressing in toward the midventral line 
between the ectoderm and entoderm; (3) extroversion of the bladder is 
due to mesodermal deficiency, particularly of the processes of secondary 
mesoderm arising from the hind end of the primitive streak, following on 
which there is persistence of the primary extensive cloacal membrane, 
impaired development of the muscular coat of the bladder, of the sym- 
physis pubis, and of the formation of the external genitals and the infra- 
umbilical portion of the anterior abdominal wall; (4) epispadias is a 
similar mesodermal error in a minor form. 

Pathology. The various gradations of exstrophy have been classified 
as (1) fissura vesicae inferior, the form in which the symphysis is de- 
veloped normally but the bladder is split interiorly, (2) fissura vesicae 
superior, in which there is normal union of the pubis but a defect in the 
upper part of the bladder, and (3) typical complete exstrophy— by far 
the most common form. All three types offer problems of the greatest 
intricacy to the surgeon who undertakes their correction. 

In typical complete exstrophy, there is absence of the symphysis pubis, 
with a varying degree of separation of the pubic bones. Between the 
separated fibers of the recti the bladder protrudes as a reddish fleshy 
mass above the level of the surrounding abdominal wall. The exposed 
mucosa is inflamed and sensitive. The ureteral orifices are plainly 
visible. 

In the male, there is always epispadias and a short rudimentary penis, 
and frequently absence of the prostate and cryptorchidism, the scrotum 
being divided into two separate pouches by a deep furrow. In the 
female, the urethra appears as an open sulcus, the labia are merely 
indicated rudimentarily, and the clitoris is completely cleft, this cleft 
often continuing far within the genital canal, so that there is likely to be 
a bicomate uterus and, possibly, a double vagina. Other congenital 
abnormalities that are commonly associated are spina bifida, prolapse of 
the rectum, inguinal hernia, and atresia ani, with intestinal openings in 
the exstrophied bladder mucosa. 

Vesical exstrophy is one of the most distressing anomalous physical 
conditions compatible with life. The entire surrounding surface is con- 
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tinually bathed in urine, so that there is constant local irritation and 
an ever-present urinous odor. Walking is always difficult, due to lack 
of the symphysis pubis, and the sufferers have a characteristic waddling 
gait. A child so afflicted is shunned by other children, so that the effect 
upon his character is very noticeable. He becomes timid, morose, and, 
in later years, often suicidal. About 50 per cent of these unfortunate 
persons die in infancy or early childhood from ascending infection and 
hydronephrosis, and relatively few of those not operated upon pass the 
twentieth year of life. 

Occasionally carcinoma develops in the exstrophied bladder. Mur- 
phy, reporting such a case in 1924, was able to collect only 12 other cases 
from medical annals, and but few have been recorded since. This 
surprisingly low incidence, in view of the irritation and trauma to which 
the exposed bladder mucosa is constantly subjected, is probably partially 
accounted for by the fact that few of these patients live to the so-called 
“cancer age.” 

Diagnosis. The diagnosis is easily made upon local inspection. 

Treatment. The treatment is wholly surgical, and is discussed under 
Surgery of the Bladder (p. 1122). 

Congenital Hypertrophy of the Vesical Neck 

Congenital contracture of the vesical neck, resulting from muscular 
hypertrophy, has been quite frequently described, especially by French 
authors. This condition produces the usual symptoms of urinary ob- 
struction: frequency, small stream, hesitancy, difficult urination, pyuria. 
Cystoscopic examination reveals the changes at the vesical neck, as well 
as the typical changes of back pressure, such as trabeculation, cellules, 
diverticulation, and hypertrophy of the interureteral ridge. 

Treatment. Occasionally a patient is cured by dilatations. Other- 
wise, treatment consists in resection of the hypertrophied tissue with the 
resectoscope. 

Patent Urachus'. Urachal Fistulas: Urachal Cysts 

Etiology and Pathology. In the normal adult the urachus reaches only 
one-third of the distance from its point of attachment at the apex of the 
bladder to the umbilicus, and is attached to the posterior aspect of the 
navel by the fibrous remnants of the obliterated hypogastric arteries. 
Its epithelial canal is never completely obliterated by fibrous tissue, but 
retains a bore of about 1 mm. (Beec). Ordinarily, however, this small 
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channel is completely obstructed at birth by proliferated and shed 
epithelial cells and debris, which accounts for the rarity with which urine 
is found to pass upward from the bladder. The epithelial cells tend to 
proliferate outward into the dense connective tissue layer which sur- 
rounds and supports the lining membrane of the normal urachus. 

In approximately two out of three persons the lumen of the urachus 
is separated from the bladder proper by a transverse mucous fold; but 
in the third instance this partition fails to develop, the lumen remains 
completely or partially patent, and what is known clinically as persistent 
or patent urachus results. 

Acquired abnormalities are the results of urinary obstruction, either 
with or without some defect of development. 

Various attempts have been made to classify the clinical conditions 
resulting from disturbances of obliteration of the urachus. The ab- 
normalities to be recognized may be listed as follows: 

(1) Complete patent urachus. The channel is open all the way, and 
forms a continuous communication between the bladder and the external 
surface at the navel. 

(2) The urachus patent at the vesical end and dosed at the umbilical 
end. This type may persist unrecognized throughout life, but when 
associated with obstruction of the lower urinary tract, may result in a 
diverticulum. Infection, with discharge into the bladder, will account 
for some cases of recalcitrant cystitis and pyuria. In the presence of 
lower-tract obstruction or increased intravesical pressure, urine escaping 
from the bladder into the open terminal urachal canal may extravasate to 
the umbilicus, to be discharged at the external surface, thus converting 
the externally blind canal into a complete patent urachus. These ac- 
quired patent canals are confused in the literature with congenital patent 
urachus. 

(3) The urachus patent at the umbilical end and blind at the internal 
(vesical) end. In this form the desquamated epithelium and debris may 
stagnate and, if there is secondary infection, produce a mucoid or muco- 
purulent discharge from the navel. The skin about the discharging 
sinus is reddened and excoriated, and there may be a tender inflamma- 
tory mass. Large umbilical granulomas may develop. 

(4) The urachus closed at both the vesical and umbilical ends, with 
the lumen patent only in the midportion. This type persists unrecog- 
nized throughout life unless a urachal cyst forms. 

(5) Vesico-umbilical fistula. In this condition the bladder, which 
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normally descends at birth, is undescended or incompletely descended, 
and there is no urachus, the apex of the bladder lying at the umbilicus. 
In the presence of obstruction, there may be leakage of urine through the 
apex of the bladder at the umbilicus. 

(6) Urachal cysts. These are uncommon. Cross (1935) found re- 
ports of only 96 cases. They may form at any point between the apex 
of the bladder and the umbilicus if a small portion of the duct remains 
patent. The majority (over 50 per cent) are found at the vesical end of 
the urachus, the portion of the tract most .commonly patent. They 
vary’ greatly in size but may reach enormous dimensions. Patel and 
Labrv (1926) collected from the literature 10 cases of large urachal cysts 
and added one of their own. The cyst may contain urine, a mucoid 
fluid from the cyst wall, a serous transudate, pus, blood, cholesterin, 
fat cells, epithelium, or fibrin (Bauer, 1931). The urachal cyst has no 
tendency to resorption. Spontaneous rupture, which is uncommon, 
usually occurs at the umbilicus, but may be into the peritoneal cavity. 
Infection of urachal cysts is frequent, and is evidenced by a painful, 
tender mass in the midline between the bladder and the umbilicus, ab- 
dominal pain, fever, and gastrointestinal disturbances. An infected 
urachal cyst may empty suddenly into the bladder, producing an acute 
cystitis, the underlying cause of which may readily be overlooked. 
Differentiation between a urachal cyst communicating with the bladder 
and a true diverticulum may be extremely difficult. The chief symp- 
toms of large cysts are those of tumorous compression, with severe ab- 
dominal pain, and intravesical hemorrhage. 

Incidence of Urachal Anomalies. Congenital patent urachus, with 
discharge of urine at the umbilicus, is rare (87 cases up to 1932, Ducleaux 
and Blondin). It is preponderant in the male in the approximate ratio 
of 2 to 1. At the Children’s and Infants’ Hospital, in Boston, in a total 
of over 200,000 admissions, the diagnosis of congenital patent urachus, 
with discharge of urine at the umbilicus, has been made 3 times; and 
among 15,000 admissions to the Brady Urological Institute (Baltimore) 
there were only 3 presenting a patent urachus (Mahoney and Ennis, 
1936). Herbst (1937) found an approximate total of 150 reported cases 
of both congenital and acquired patent urachus, dating back to 1550, 
when Bartholomaeus Cabrolius, in his Alphabet Anatomiquc , reported a 
case in a woman of 18 years, “on whom he performed an operation for the 
re-establishment of the normal channel of flow of urine, the procedure 
consisting in ligation of the umbilical protrusion and dilatation of the 
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urethra.” Herbst estimated the apparent ratio between the congenital 
and acquired forms to be roughly as 5 to 4. There were 108 cases in 
males and 44 in females. 

Diagnosis of Urachal Anomalies. The diagnosis and early treatment 
of a patent urachus are important, in view of the frequency of a subse- 
quent infection, neoplastic change, or calcification of the urachal con- 
tents. Congenital complete patent urachus is usually discovered at 
birth, but in the absence of a profuse urinary discharge may easily be 
overlooked because of its rarity. The urachal fistula which occurs later 
in life is probably attributable to a persistent urachus of congenital origin 
which was overlooked during the postpartum period. The blind type 
may easily go unrecognized until infection sets in, or the secretory ac- 
tivity of the lining membrane produces a urachal cyst, or it is converted 
into a complete patent urachus in consequence of rupture of the closed 
end. 

In a patent urachus the sinus runs downward in the raidline. The 
discharge, which may be profuse or may amount to only a few drops, has 
the characteristics of urine. Cystography is useful in demonstrating 
the tract. 

If infection is present in a complete patent urachus, or in one that is 
patent at the umbilical end, the chief complaint is of an intermittent, 
thin, watery secretion from the umbilicus, which periodically becomes 
purulent and is then associated with redness and tenderness about the 
umbilicus or with an umbilical tumor. Infection in a urachus patent 
only at the vesical end is likely to be mistaken for a cystitis. 

Treatment. Urinary' fistulas are best treated by complete extra- 
peritoneal excision of the tract, with closure of the bladder wall by su- 
tures. This should be done as early as possible because of the danger of 
such tracts becoming infected. A sinus which is blind at the vesical 
end often may be closed hy electrical cauterization ; or it may be com- 
pletely excised, great care being taken not to injure the peritoneum. 

Uninfected urachal cysts can ordinarily be excised extraperitoneally 
without difficulty. In the massive cysts, however, there are usually 
extensive peritoneal adhesions, and in these cases the cyst should be ex- 
tirpated with the adherent peritoneum. Puncture is contraindicated, 
as the fluid reforms rapidly. 

Abscess-formation, resulting from the infection of a urachal cyst, re- 
quires preliminary drainage as a rule, followed by radical excision at a 
later date. 
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It should be emphasized that when a patent urachus is encountered 
in early life diligent search should be made for an obstruction of the 
lower urinary tract (phimosis, congenital valves of the posterior urethra, 
congenital stricture of the meatus) which may be the underlying cause 
of the patent urachus. The removal of such an obstruction, if present, 
will usually result in prompt closure of the fistula. If no obstruction is 
found, or if the fistula fails to close, operation upon the fistula is indicated. 

D. Physiology of the Bladder 

In man, the important function of the urinary bladder is the storage 
and the evacuation of urine. 

The urinary bladder in man normally acts as a receptacle for urine for 
short periods. In some lower forms of animals, however, the bladder 
may also function as a reservoir for the accumulation of a water reserve 
which is reabsorbed by the animal in time of drought. It is a well- 
known act that turtles reabsorb the fluid from the bladder in dry periods. 

It has been definitely proved that absorption is much more active 
from the posterior urethra than from the bladder, but there is no ques- 
tion that certain substances — sugar, urea, alcohol, sodium chloride, co- 
caine, nicotine, pilocarpin, strychnine, alypin — can be absorbed by nor- 
mal, and, to an even greater extent, by abnormal vesical mucosa. 

* Micturition 

Micturition— the voiding of the urine — is a complex combination of 
reflexes involving the bladder, its sphincters, the trigonal muscle, and 
the accessory urethral and perineal muscles. A knowledge of the mus- 
culature and innervation of micturition is necessary in order to under- 
stand the complicated mechanism of bladder emptying. 

The Musculature of Micturition. Five groups of muscles are con- 
cerned in the act of micturition: (1) the detrusor vesicae, (2) the internal 
"sphincter” (composed of the detrusor ring, urethral loops, and urethral 
bands), (3) the trigonal muscle, (4) the external sphincter, (5) the acces- 
sory urethral and perineal muscles. The first three have been described 
under Musculature of the Bladder (p. 950). 

The External Sphincter. The external sphincter (sphincter urethrae) 
is formed of striated muscle fibers, and is under voluntary control. In 
the male, it is composed of prostatic, urethral, and urogenital fibers. 
The fibers of the upper or prostatic portion have their origin in the lat- 
eral surface of the prostate near the vesical orifice, w’here they lie in close 
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relationship to the fibers of the external urethral loop. (This portion is 
sometimes called the sphincter exicrnus vcsicae.) As they pass downward 
the fibers increase in numbers but extend only about half-way round the 
urethra until the apex of the prostate is reached; from here on they 
surround the urethra to meet posteriorly in a raphe. Below the apex 
of the prostate the fibers of the external sphincter lie between the two 
layers of the triangular ligament. The external sphincter does not 
make a complete circle of the urethra, but ends in a raphe of connective 
tissue behind the membranous urethra. Because the prostatic tubules 
invade the inner circular layer of the posterior urethra, Wesson believes 
that its value as a sphincter muscle is considerably diminished. 

The fibers of the external sphincter have sensory innervation and are 
under control of the will. The innervation is derived from the sacral 
portion of the cord, being carried by the somatic fibers of the pudic 
nerves. 

The Accessory Urethral and Perineal Muscles. Certain accessory 
urethral and perineal muscles — (1) the bulbocavemosus muscle and (2) 
the prostatic fibers of the levator ani with the recto-urethralis muscle 
and the urogenital diaphragm— also have a part in expelling the urine 
(and semen) and giving continence. The bulbocavemosus arises from 
the central point of the perineum and passes upward and forward, com- 
pletely surrounding the bulb of the urethra. These accessory’ muscles 
are held in a delicate balance of tonicity which prevents incontinence. 
They also exercise a peristaltic action with the urethral band, thus not 
only emptying the bladder but stripping the urethra at the end of urina- 
tion (and ejaculation) so that there is no dribbling. 

The Musculature of Micturition in the Female. Sexual variation in 
the musculature of micturition is relatively insignificant and is due 
mainly to interposition of the prostate gland. The external sphincter 
in the female extends fibers around the vagina, and, in the absence of the 
prostate, extends farther up the urethra. It forms a complete circle 
about the urethra only in its lower half; farther up the fibers merely 
make a semicircle and terminate in the lateral wall of the vagina. The 
urethral bands in the female are definite lateral extensions, partly of 
urethral and partly of vesical origin. In the male these bands merge 
with the prostate. Otherwise, the musculature of the female resembles 
the arrangement of the male, with similar innervation and mechanism. 

The Innervation of Micturition. The innervation of the bladder and 
the part played by various groups of nerves in the control of urination 
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have occupied the attention of many eminent physiologists, neurologists, 
and urologists. Experimental investigation in animals and pathologico- 
clinical investigations in man have gradually added to knowledge of the 
structure and function of the nerves supplying the bladder and posterior 
urethra, but the subject is complex and as yet not fully understood. Our 
knowledge of the neurophysiology of the bladder is based largely on ani- 
mal experimentation. But as lack of uniformity is a notorious feature in 
the innervation and anatomy of the bladder in different animals, deduc- 
tions drawn from a single type cannot be universally applied. Un- 
doubtedly, errors and confusion have arisen from a too 'close application 
to man of the findings in animals. 

The literature on the nervous control of the bladder is vast. The 
masterly review of Feamsides covers the ground up to 1917 and the 
monograph of Dennig reviews the subject up to 1926 Since then im- 
portant observations made on man have been reported by Learmontli, 
Langworthy and his collaborators, Ortmann and Christiansen, Denny- 
Brown and Robertson, and others. 

The Nerve Pathways to the Bladder. There are three nerve pathways 
to the bladder and the associated muscular structure concerned in mic- 
turition: (1) the hypogastric, originating in the thoracicolumbar portion 
of the cord; (2) the pelvic, originating from the sacral plexus; (3) the 
pudic, also arising from the sacral plexus. All three contain both efferent 
and afferent fibers. The various reflexes on which the process of mic- 
turition depends are set into action through these pathways. 

(1) The Hypogastric Pathway (SYMPATirETic). The hypogastric, 
or presacral, nerves are derived from the lowest thoracic and upper lum- 
bar nerve-roots, and send their fibers by way of the white rami corn- 
municantes and the lumbar or inferior splanchnic nerves to the lumbar 
portion of the collateral sympathetic chain of ganglia which lies in 
intimate relations with the abdominal aorta and its branches. They 
then join the inferior mesenteric ganglia along the line of the gray rami. 
Most of the fibers form synapses at the inferior mesenteric ganglia, and 
their continuations beyond these ganglia eventually are united with the 
ganglia in the lower part of the abdominal sympathetic trunk. A few 
fibers from the aortic plexus have their synapses in the vesical wall, 
which they reach from these same lower ganglia of the abdominal 
sympathetic trunk. 

The function of the hypogastric nerve fibers supplying the bladder has 
been a subject of wide research and considerable controversy. They 
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arc regarded by most investigators, however, as being motor to the in- 
ternal sphincter, trigone, and the smooth muscle of the proximal part 
of the urethra, and inhibitory to the detrusor vesicae. They also cause 
contraction of the ureteral orifices and of the muscles of the seminal ves- 
icles, ejaculatory ducts, and prostate. Stimulation of the hypogastric 
nerves gives rise to contraction of the internal sphincter. The ability 
of the sphincter to remain dosed after section of these nerves proves, 
however, that it must also possess an inherent tonus of its own. “We are 
forced to conclude," saysLcarmonth, “that maintenance of closure of the 
internal sphincter depends upon its inherent tonus, which in turn depends 
upon the integrity of reflex fibers in the parasympathetic pathway; and 
that its sympathetic supply merely reinforces this closure.” 

McCrea and Macdonald (1934), after extensive experimentation upon 
cats, decided that the hypogastric nerves may produce either motor or 
inhibitory effects on the detrusor, and question whether they have any 
influence at all on the internal sphincter. Section of the hypogastric 
nerves, they found, does not cause relaxation of the sphincter either in 
the cat or in man; and following presacral sympathectomy, micturition 
appears to be absolutely normal apart from occasional instances of 
slightly increased frequency. These investigators believe, therefore, 
that the hypogastric nerves, although functioning in bladder control, 
may be dispensed with without marked alteration in function and are 
not essential to a satisfactorily acting bladder. 

Denny-Brown and Robertson (1933), from studies of the bladder in 
spinal lesions in man, conclude that the hypogastric nerves do not take 
part in the mechanism of micturition, but that they serve as an inconstant 
pathway for the pain of powerful vesical contraction, though not for the 
sensation of normal desire to micturate. 

Clearly, the precise action of the hypogastric nerves on the internal 
sphincter and musculature of the bladder wall is still to be determined, 
and further observation in man is needed before any definite conclusions 
can be drawn as to their importance in bladder function. 

The innervation of the trigonum musculature appears to be exclusively 
sympathetic, while in the rest of the fundus it is both sympathetic and 
parasympathetic. Macht, working with Young and Wesson, in pharma- 
cological studies upon specimens of human trigonal muscle and tissue 
from the fundus, found that the trigonal muscle contracted in response 
to epinephrin and ergotoxine, indicating that the trigone is innervated 
by true sympathetic nerve-endings, but failed to contract or relax in 
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response to pilocarpin, physostigmin, and atropine, indicating that it is 
devoid of parasympathetic nerve-endings. The fundus gave reactions 
for both sympathetic and parasympathetic nerves. Experiments upon 
the trigonal muscle with nicotine gave a response pointing to the pres- 
ence of ganglionic structures in that layer. That the sympathetic system 
controls the trigonal region as well as the internal sphincter in man is also 
the conclusion of Learmonth. 

(2) The Pelvic Pathway (Parasympathetic). The pelvic nerves 
(nervi erigentes) are the nerves principally concerned with urination. 
They arise from the anterior primary divisions of the second and third 
or third and fourth sacral nerves. They do not pass into well-defined 
ganglia, but form the vesical portion of the hypogastric plexus, which 
spreads over the bladder wall and supplies the unstriped muscle of the 
bladder, the urethra, and corpora cavernosa. 

The pelvic nerves are motor to the detrusor vesicae and inhibitor)' to 
the internal sphincter. The sympathetic and parasympathetic nerves 
are therefore reciprocal in their actions. 

Both the hypogastric and the pelvic nerves transmit sensory impulses, 
but the pelvic nerves (parasympathetic) carry the larger part of the 
afferent fibers of the bladder. By the parasympathetic pathway also 
travel at least a part of the sensory nerves of the posterior urethra. 

Learmonth has summarized the afferent activities of the sympathetic 
and parasympathetic pathways in man as follows: Pain impulses reach 
the central nervous system by way of both the sympathetic and para- 
sympathetic systems, but principally via the latter. Impressions of 
distention of the bladder are also conveyed via both systems. Afferent 
fibers transmitting tactile and thermal sensibility appear to be present 
and to traverse the parasympathetic system only. Most, if not all, of 
the afferent fibers which subserve the micturition reflex reach the central 
nervous system by the parasympathetic system. The sympathetic 
pathway from the bladder, concludes this observer, is not essential 
for the act of micturition. 

(3) The Pudic Pathway (Somatic). The pudic nerves derive from 
the third and fourth segments of the sacral portion of the cord. They 
are motor to the external sphincter and the accessory urethral andperineal 
muscles and are sensory to the posterior urethra. These somatic fibers 
do not pass through the hypogastric ganglia. 

Barrington found that the integrity of the pudics is necessary both for 
urethral tone and its relaxation when the contents of the bladder are 
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artificially expressed; also, that only when the pudics remain intact can 
the experimental animal be conscious that it should evacuate the bladder. 
Learmonth, on the other hand, claims that the sensation of the posterior 
urethra depends on fibers reaching it along autonomic routes; that, as 
has repeatedly been shown, following bilateral pudic neurectomy, the 
act of passing urine can be carried out in a normal manner; and that 
from the physiological standpoint it may be concluded that only the 
parasympathetic pathway (afferent) is essential to the act of micturition. 

To summarize: The involuntary musculature of the bladder wall and 
of the internal sphincter receives innervation from (1) the thoracico- 
lumbat sympathetic pathway via the inferior mesenteric ganglion and 
the hypogastric nerves and (2) the sacral plexus by way of the pelvic 
(parasympathetic) nerves. These two pathways intermingle in the 
vesical plexus of outlying ganglion cells and fibers which directly inner- 
vate the bladder and sphincter. Animal experimentation provides 
ample evidence of a direct reciprocal innervation of the detrusor and 
internal sphincter. The voluntary external sphincter and the associated 
voluntary perineal musculature are innervated by the pudic nerves 
(somatic), also derived from the sacral portion of the cord. 

Peripheral stimulation of the cut pelvic nerves in animals causes con- 
traction of the detrusor muscle with relaxation of the internal sphincter. 
Excitation of the hypogastric nerves induces contraction of the internal 
sphincter in all animals and in man (Learmonth), with or without 
inhibition of the detrusor according to the species of experimental 
animal (Elliott). Stimulation of the peripheral ends of the divided 
pudic nerves produces contraction of the external sphincter. 

Stations and Tracts in the Central Nervous System Governing Mic- 
turition. Centers regulating micturition are situated in the mid-brain, 
hind-brain, and spinal cord. Bechterew and Mislawski, Frankl-Hoch- 
wart and Frohlich, and Sherrington, in animals, found a cortical center 
which, on stimulation, caused changes in the musculature of the bladder. 
Czyblarz and Marbury described a cortical bladder center in man which 
lies in the Rolandic motor area. 

The nervous control of the bladder has been extensively studied by 
O. R. Langworthy and a number of collaborators. Normal micturition, 
they found, is dependent upon a well-sustained contraction of the smooth 
musculature of the bladder wall. Lesion of the nervous system below 
the mid-brain results in disarrangement or incompleteness of this con- 
traction. Transection of the brain-stem of the experimental animal (cat) 
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below the acoustic colliculi resulted in abolishment of the reflex causing 
contraction, followed by retention with overflow. This led them to con- 
clude that tone in the bladder musculature is controlled by similar 
mechanisms to those that control tone in the striated musculature, and 
that this tonic mechanism is largely a function of the cerebral motor cor- 
tex and is effective at the level of the spinal cord. The tonic control is 
carried out from areas in the cephalic portion of the hind-brain. 

Barrington’s experiments with cats showed that destruction of a small 
portion of the hind-brain lying ventral to the internal edge of the superior 
cerebellar peduncle, and extending from the level of the motor nucleus of 
the fifth nerve behind to the anterior end of the hind-brain in front, 
abolished the animal’s ability to micturate. Destruction of an area in 
the mid-brain extending from the ventral part of the posterior end of the 
cerebral aqueduct to just beyond the mesencephalic root of the fifth 
nerve caused permanent loss of the desire to micturate, although the 
reflex performance of the act was not impaired. 

There is, as we have seen, a thoracicolumbar center and a sacral cen- 
ter in the spinal cord. In addition, there are numerous peripheral gan- 
glionic centers. 

Pathologicodinical investigations in man suggest that the descending 
and ascending paths of cerebrovesical impulses lie in the posterior portion 
of the lateral columns of the spinal column near the pyramidal tract. 

Effects of Nerve Sections upon Micturition. Intact pelvic nerves are 
the most essential to the performance of normal voluntary micturition 
since they carry the chief motor and sensory fibers. Section of the hypo- 
gastric nerves alone results in either no change or but a slight frequency of 
micturition. Section of the pudic nerves alone leads to occasional slight 
incontinence but does not otherwise disturb the normal outflow of urine. 
Bilateral section of the pelvic nerve causes a profound depression of 
micturition with an atonic distended bladder (Elliott; Barrington). 
This condition changes in a few days to intermittent micturition in small 
jets, each expressed only by powerful effort in the cat (Barrington). 
Section of all three sources of innervation is followed after a brief period 
of retention by periodic discharge or automatic micturition (Dennig; 
Elliott; Wlasow, Denny-Brown and Robertson). 

The Physiology of Micturition. The physiology of micturition has 
been carefully studied by physiological experimentation and, clinically, 
by endoscopy and cystoscopy, cystography, and cystometry, so that the 
normal process of bladder emptying is fairly well understood. Many 
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observers feel, however, that we have not yet solved the problem. 
There is considerable variation of opinion as to the sequence of events in 
normal human micturition, as well as the extent to which the bladder 
and sphincters, which possess a definite degree of autonomy, are subject 
to the control of the will. 

The act of micturition, though essentially reflex in nature, is usually 
initiated by an effort of the will. It is only in the infant, and in certain 
pathological states, that micturition is a purely reflex act. Ordinarily, 
by the third year the normal child is able voluntarily to initiate and 
restrain the evacuation of urine. In the adult, micturition is voluntary 
either after the reflex desire has arisen, or before the desire has manifested 
itself and at will. In the latter form the act is started by a willed effort 
which apparently affects the lower centers in the same way as do afferent 
impulses arising from the full bladder or in other sensory reflexes. 

The detrusor muscle exhibits both a sustained contraction (tonus) 
and intermittent contractions 

The micturition reflex is largely dependent on the tension exerted upon 
the vesical contents Mosso and Pellacani (1882) showed by experi- 
ments upon dogs and human beings that under one and the same pressure, 
observations upon the vesical contents at short intervals showed different 
volumes. They concluded that in a normal man the desire for micturi- 
tion is stimulated when the pressure rises above 18 cm of water, and 
pointed out that the stimulus exciting desire to micturate is closely re- 
lated to intravesical pressure but is not directly related to volume. They 
also observed that the viscus responded to an increment in volume by an 
active diastole proportional to the volume of increment, and to a diminu- 
tion in volume by an active systole similarly proportioned. 

Subsequent workers have repeatedly confirmed this ability of the 
bladder to adjust its tone and thus adapt its capacity to changes in the 
volume of its contents, so that intravesical pressure is maintained at a 
constant level as volume increases over a moderate range. Dennv- 
Brown and Robertson did not find a pressure of IS cm. of water necessary 
to evoke desire for micturition — discomfort being sometimes extreme at 
much lower pressures Resting vesical tension at moderate volumes 
varied from 5 to 10 cm. of water, they found; and this range they regard 
as the normal pressure of the vesical contents. 

Teusion is the stimulus for the sensory end-organs in the bladder wall. 
As urine enters the vesical cavity, coming intermittently by spurts from 
cither ureter, the bladder wall responds to the increment in volume by 
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elongations of its muscle fibers, this being the response to stimulation 
of the “filling nerves” (hypogastrics). During this involuntary filling 
stage the internal sphincter is contracted in normal tonus. 

The mechanism of bladder closure is imperfectly understood, but appears 
to involve the following elements: (1) tonic contraction of the internal 
sphincter; (2) involuntary relaxation of the detrusor vesicae; (3) hypo- 
thetical voluntary contraction of the internal sphincter; (4) voluntary 
contraction of the external sphincter; (5) voluntary contraction of the 
accessory urethral and perineal muscles. We know that following 
surgical or traumatic destruction of the external sphincter, the internal 
sphincter functions at will, and during seminal ejaculation with a full 
bladder, when the external sphincter is relaxed, the internal sphincter 
functions voluntarily, closing off the bladder. These facts point to a 
not wholly involuntary mechanism of the internal sphincter. As the 
bladder fills, this mechanical closure becomes increasingly effective. 
When filling invades consciousness, and is translated into the desire to 
void, voluntary closure is effected through reflex stimulation of the ex- 
ternal sphincter and tonic contraction of the perineal musculature. 

Voiding of the bladder contents depends on a complicated combination 
of reflexes. The chief factor in discharge is contraction of the detrusor 
in response to distention of the bladder, with an accompanying secondary 
relaxation of both sphincters. This reactionary contraction evoked by 
distention of the bladder is controlled by a restraining effect which at 
low volumes is subconscious in operation but intrudes upon conscious- 
ness in greater degree as volume increases (Denny-Brown and Robert- 
son) A sensory impulse, derived from a given amount of distention of 
the bladder wall, reaches the sacral plexus by way of the pelvic (para- 
sympathetic) nerves, is transmitted in the cord to the motor neurone of 
this reflex arc, and reaches the detrusor muscle and the musculature of 
the internal sphincter simultaneously, as a motor impulse, producing 
contraction of the detrusor and a reciprocal relaxation of the sphincter. 
The latter, in turn, sets up reflex impulses which result in relaxation of 
the external sphincter, and thus the bladder empties. The storage and 
discharge of urine take place, therefore, in a reservoir the distention of 
which excites a tendency to an automatic evacuation. 

Micturition usually occurs, unless restrained, after from 250 to 300 
cc. of urine have accumulated. 

If, however, the time and circumstances are not such as to permit 
evacuation of the bladder, the vesical contractions responsible for the 
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discharge of the urine may be inhibited by voluntary effort, so that the 
bladder will once more be relaxed and the internal sphincter tightened. 
This is what is known as a “conditioned reflex,” which is often cited as 
an example of the way in which nature bows to the demands and customs 
of civilized society. As a result, relatively great degrees of vesical dis- 
tention may be reached before the reflex contraction of the detrusor re- 
sults in emptying. “Voluntary restraint of micturition,” observe 
Denny-Brown and Robertson, “has a direct effect on the contraction of 
the bladder, so that the spontaneous nervous discharges responsible for 
vesical contractions can be completely inhibited with ease. It is sug- 
gested that the site of impact of this inhibition is on outgoing neurons of 
the spinal cord. Contraction of the perineal musculature is closely 
associated with voluntary restraint, as is also direct and immediate 
closure of the external sphincter.” 

In voluntary micturition the following takes place: (1) The internal 
sphincter and prostatic urethra are voluntarily depressed by contraction 
of the levator prostatae and recto-urethralis, straightening the curve of 
the posterior urethra; (2) the bladder neck is opened (a) by relaxation 
of the tonic contraction of the internal and external sphincters, and (b) 
by the contraction of the trigonal muscle (Wesson, Young and Macht) 
and the pubovesical muscle (Heiss; McCrea)— the opposite pulls of these 
two muscles straightening the angle at the internal sphincter; (3) the 
detrusor vesicae contracts simultaneously with the trigone and with 
relaxation of the tonic contraction of the sphincters, and pressure is 
exerted by the voluntary contraction of the abdominal, respiratory, and 
rectal muscles; (4) the last drops of urine are expelled from the urethra 
by action of the bulbocavemosus muscle, preventing dribbling. 

Though the abdominal muscles play a non-essential role in micturition, 
the act is usually started by the contraction of these muscles, and the 
flow of urine is also accelerated during micturition by their voluntary 
contraction. 

Regarding the mechanism of the opening of the internal sphincter, 
two hypotheses have been advanced: (1) that it is opened mechanically 
by the pull of extensions of the trigonal muscle which pass within the 
grasp of the sphincter to insertions in the posterior urethra (Wesson, 
Young and Macht) ; (2) that its natural tonus is directly relaxed by in- 
hibitory influences passing over the parasympathetic nerves, and that it 
is possible to accomplish this inhibition by the exercise of the will (Reh- 
fisch ; Learmon th) . Learmonth observed con traction of both the trigone 
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and the internal sphincter on stimulation of the sympathetic pathway, 
but contraction of the trigone was not observed to open the sphincter. 
It is probable that both processes — traction and active relaxation — play 
a part in the opening of the sphincter. 

Measurement of Bladder Pressure {Cystometry) 

Cystometry is the clinical study of the physiology of the bladder 
musculature (detrusor vesicae) by the simultaneous measurement of the 
intravesical pressure and the total fluid content of the bladder. This 
measurement is accomplished by means of a cystometer, and is the most 
exact method thus far devised of estimating the functional ability of the 
detrusor. As fluid is run into the bladder, the changing intravesical 
pressures are registered and plotted against the total volume of fluid in 
the bladder. The fluid may be introduced in a constant inflow or, as is 
usual in clinical practice, in a succession of equal amounts, each incre- 
ment of fluid being followed by a reading. There is thus obtained a 
pressure curve which represents the response of the detrusor mechanism 
to gradual stretching and indicates its strength and resiliency. In addi- 
tion, the patient’s sensory reactions to the filling are registered and corre- 
lated with this pressure curve. These sensations include factors such as 
the first desire to void, the sense of bladder fulness, the point of filling 
at which pain is produced, etc. Cystometry is, therefore, a combined 
sensory and motor examination. The reading is most easily interpreted 
when plotted in the form of a graph. 

Types of Cystometers. Various types of cystomcters have been de- 
veloped. That devised by Rose — to whom we are indebted for this 
“new diagnostic principle” as he rightfully termed it— utilized a con- 
tinuous inflow, a manometer system, and tracings upon a revolving 
drum. Muschat and Johnson, in 1932, introduced a simplified appara- 
tus in which the readings are taken by the interrupted method, and em- 
ploying a mercury manometer. Simons’ microcystometer (1937) has an 
accessory' sphincterometer, which gives additional information relative 
to the status of the sphincters. Modifications and improvements from 
a wide range of viewpoints (Munro, Weyrauth, MacKenzie and Beck, 
Lewis and Langworthy, Lowsley and Hunt, Fig. 1) have made the 
cystometer more easily available to the practicing urologist, but in no 
way detract from the brilliancy of Rose’s original achievement. 

Uses of Cystometry: Interpretation of Cystometrograms. The com- 
plex mechanism of micturition is chiefly concerned with (1) the internal 
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and external sphincters, which retain the urine within the bladder until 
such time as it may be conveniently evacuated; (2) the trigonal muscle, 
the contractions of which pull open the internal sphincter; and (3) the 
detrusor vesicae, which, after having reached a certain degree of stretch- 
ing, contracts and expels the bladder contents. Disturbance of the func- 
tion of any one of these will upset the normal rhythm of urinary evacua- 
tion. Relaxation of the sphincters results in a greater or less degree of 
incontinence; Joss of tone of the trigonal muscle causes partial or com- 
plete retention of urine, depending upon the amount of damage to the 
muscle; weakness of the detrusor also causes partial or complete reten- 
tion. The urologist faced with any of these vesical derangements must 
resort to various means to determine the exact nature of the lesion re- 
sponsible for the disturbance. 

The state of the sphincters and the trigone can best be determined by 
cystoscopy, which permits one to note that the sphincters are relaxed 
or fail to close completely, or, in the case of the trigone, that there is 
only a very slight elevation of the floor of the bladder when the patient 
attempts to urinate. Cystograms are also of value in demonstrating a 
relaxed condition of the internal sphincter. Weakness of the detrusor 
cannot be determined accurately by the cystoscope. Characteristic, 
rather fine trabeculations may or may not be present, or, if present, may 
be unconvincing, so that personal judgment, based upon considerable 
experience, must be exercised. The cystometer, however, does afford a 
true gauge of detrusor function, and is our most valuable adjunct in the 
diagnosis of neurogenic disturbances of the bladder. 

In diagnosing a neurogenic bladd er one must interpret not only the 
pressure curve but ItsTorrelaiion with the sensory factors. The range 
of variations of the pressure curve in the normal is rather wide, and de- 
pends upon the general tone of the autonomic nervous system of the 
individual. Thus we find curves that are high normal and those that 
are low normal. Interpretation of the pressure curve alone may lead to 
errors of diagnosis. The range of variations of the sensory factors in the 
normal individual is, however, small. The first desire to void, in par- 
ticular, is remarkably constant. The points of filling at which these 
sensations occur is, therefore, of great importance in indicating deviations 
from the normal, and must be correlated with the pressure curve. 

In a normal bladder, there is a gradually rising curve, the first desire 
to void is around 150 cc. with a pressure in the bladder of 7 to 10 mm., 
the sensation of fulness is at about 250 cc., and the maximum voluntary 
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pressure 60 to 80 mm. In a myogenic bladder, the desire to void will 
occur around ISO cc. In the neurogenic bladder, the first desire to void 
occurs under 150 cc.; in the hypertonic bladder, the curve is high, and 
the maximal volume pressure over 80 mm. ; in the hypotonic bladder, the 
desire to void occurs over 250 cc., the curve is flat, and the volume pres- 
sure under 60 mm. 

When used in conjunction with cystoscopic and physical studies, 
cystometry finds its chief application in the differentiation of bladder 
dysfunctions caused by mechanical obstruction from those due to dis- 
turbances of innervation. The pressure curve of a bladder whose outlet 
is blocked by a hypertrophied prostate or other mechanical obstruction, 
will still be within normal limits. When dysuria is caused by a nerve 
lesion, however, the flat curve characteristic of such lesions is obtained. 
The response of a hypotonic detrusor to bladder filling has been de- 
scribed by Muschat as: Flat curve, shifting of first desire to void to the 
right, and low voluntary pressure. In many cases of chronic urinary reten- 
tion caused by obstruction at the vesical neck, a thinning out of the 
detrusor musculature will be observable on cystoscopic examination. 
When the innervation of the bladder has been disturbed by a cord lesion 
or other factor, we may likewise see a tbinned-out bladder wall. The 
cystoscope will not permit of differentiation, but with the aid of the cyst- 
ometer this is easily accomplished. Cystometry has thus made a very 
important contribution to differential diagnosis by permitting us readily 
to distinguish between vesical irregularities of mechanical and neuro- 
genic origin. Since operation is usually indicated in mechanical obstruc- 
tions, but not in lesions of the nerves controlling the bladder muscles, 
unnecessary surgery can by this means frequently be avoided. 

Cystometry has also been found useful in differentiating the various 
types of neurogenic bladders; in the study of cases in which neurogenic 
and obstructive factors are present in the same patient; for diagnosing 
certain diseases and injuries of the brain and spinal cord; as a means of 
noting improvement or regression of patients under active treatment; 
and in pharmacological and dynamic studies of the bladder. 

Cystometry has contributed much to a better understanding of the 
urological symptoms of incontinence and retention — preoperativc and 
postoperative. In the anuria following operations, particularly upon 
the prostate, it is often of great prognostic importance to be able to de- 
termine whether or not a neurogenic factor is operating. If the cystome- 
ter gives a curve practically or entirely within normal limits, the prog - 
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nosis is good. If the curve is flat, indicating hypo tonicity, the outlook 
for a return to normal is distinctly poor. The cystometrogram also 
often aids in formulating a prognosis in urological procedures such as 
presacral neurectomy and plastic operations on the sphincters. Since 
cystometry may easily be carried out whenever catheterization is pos- 
sible, and advisable, it will be found useful in many cases in which cys* 
toscopy is, for one reason or another, contraindicated. 
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CHAPTER XXXI 


INJURIES AND DISEASES OF THE BLADDER 
A. Injuries to the Bladder 

Injuries to the urinary bladder are relatively infrequent, due to its 
protected situation in the bony pelvis. Most vesical injuries occur 
during distention of the bladder, when it arises above the symphysis 
pubis and becomes an abdominal organ, in which state it is much more 
subject to trauma. 

Bladder injuries are of three types: (1) contusions, due to kicks, falls, 
etc., which are seldom diagnosed and are of slight clinical importance, 
although rarely they may be serious enough to cause death by shock and 
hemorrhage; (2) wounds, usually communicating with the exterior, due 
to puncture or perforation by sharp or blunt objects; (3) rupture — by 
far the most common injury. 

Wounds of the Bladder 

Etiology. Wounds of the bladder are encountered very infrequently 
in civil practice, and belong primarily to the realm of war surgery. They 
are produced chiefly by bullets or by pointed instruments, such as sabers, 
bayonets, knives, or fragments of shell or shrapnel. During the First 
World War such injuries were fairly frequent and were inflicted, as a 
rule, by shrapnel. In civil practice, the bladder is occasionally injured 
accidently during surgical operation or urethral instrumentation. Per- 
foration of the bladder wall by a fragment of bone may occur in fracture 
of the pelvis. 

Pathology. Bladder wounds may be very slight or extensive, depend- 
ing upon the size of the penetrating object. They may be either intra- 
peritoneal or extraperitoneal. The former are the more serious as a 
rule. Vesical wounds associated with injuries to the buttocks, perineum, 
or thighs are more likely to be extraperitoneal, while those inflicted 
through the abdomen are usually intraperitoneal. Such wounds may be 
uncomplicated, but usually the surrounding structures are involved to 
some extent. In war injuries or pelvic fractures, the associated injuries 
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to the neighboring viscera, bones, and large blood vessels may be very 
extensive. 

Symptoms. The symptoms and course vary greatly in wounds of the 
bladder, depending upon the extent of the wound, its location (whether 
intraperitoneal or extraperitoneal), and the associated injuries. Shock 
is likely to be present in some degree, and may be very severe; but cases 
of serious traumatization have not infrequently been reported in which 
shock or other early indications of bladder injury were trifling or wholly 
absent. 

Hemorrhage may be so severe as to prove rapidly fatal; or the detec- 
tion of blood in the urine which the patient is able to void normally 
may be the first indication that the bladder has been injured. 

The most common early symptoms suggestive of bladder injury are 
pain in the hypogastrium, more or less shock, and a constant desire to 
void and inability to do so, or the passage of a small amount of blood- 
stained urine. Escape of blood-stained urine through the wound is, of 
course, conclusive proof of penetration of the bladder. However, the 
urine may extravasate into the perivesical tissues or leak into the peri- 
toneal cavity. With the extravasation of urine, the abdomen becomes 
distended, rigid, and tender, or the urine may extravasate extraperitone- 
ally and form a palpable mass in one or both flanks. If the wound in- 
volves the peritoneum, there will be free fluid in the abdominal cavity. 
These symptoms, however, are not usually in evidence until several 
hours after the accident. 

Diagnosis. Early diagnosis and surgical repair are of the utmost 
importance, since urinary extravasation and subsequent infection are the 
chief dangers in those cases which survive the initial shock and hemor- 
rhage. 

Penetrating wounds of the bladder are always to be suspected in 
wounds involving the hypogastrium, buttocks, and perineum. The 
direction and extent of all such wounds should be very carefully studied, 
bearing in mind the possibility of injury to the bladder and the gravity 
of such injury when it does occur. In wounds involving the buttocks, 
particularly, associated extraperitoneal wounds of the bladder have not 
infrequently wholly escaped discovery. Wounds near the vesical neck 
are most likely to escape notice because of the difficulty of examining 
this area with the ordinary cystoscope. If some time has elapsed be- 
tween the receipt of the injury and the examination, the swelling and 
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edema, or hemorrhage, may make it impossible to see the wound. In 
very severe injuries, cystoscopy is, of course, impossible. 

Sometimes the history and physical examination are sufficient to es- 
tablish the diagnosis without instrumentation. Catheterization, cysto- 
scopy, and injection cystography and aerograms are all valuable in 
making the diagnosis and in ascertaining the location and extent of the 
wound, but their use is always accompanied by the risk of increasing the 
incidence of infection, and in extensive injuries may be out of the ques- 
tion. Excretory cystograms are very useful, if sufficient time for this 
procedure can be allowed; and the danger of infection is less by this 
method. All of these methods are discussed under the diagnosis of rup- 
ture. 

Treatment. The treatment consists of supportive measures and sur- 
gical repair at the earliest possible moment after the diagnosis has been 
made, with drainage of the bladder and of the infiltrated areas if extra- 
vasation has occurred. The surgical treatment is substantially the same 
as that of rupture^and is described under Surgical Treatment of Bladder 
Wounds and Ruptures (p. 1120). 

Rupture of the Bladder 

Etiology. The usual cause of rupture of the bladder is some external 
violence to an overdistended viscus. Alcoholism is one of the most 
important factors predisposing to bladder rupture, since it is in the in- 
toxicated state that the bladder is often subjected to overfilling, and this, 
together with the associated relaxed condition of the abdominal muscles, 
renders it more susceptible to injury. Other predisposing causes are 
vesical distention from any cause; chronic conditions (enlarged prostate, 
urethral stricture) causing urinary retention; and disease of the bladder 
(inflammation, ulceration, atony, diverticula). Spontaneous rupture 
and rupture from muscular effort have been reported, but invariably 
in these cases there is some accessory factor, such as overdistention or 
disease, which has produced weakening of the bladder wall. Rupture 
of the bladder is frequently associated with crushing injuries involving 
fracture of the pelvis (25 out of 166 fracture cases, Campbell; 65 out of 
169 cases, Bartels). The incidence of such cases is increasing with the 
increase of automobile accidents. Rupture or perforation sometimes 
occurs from extravesical pathological processes. 

Occasionally rupture may be secondary to instrumentation or surgical 
manipulations. It may occur from overdistention with irrigation fluid 
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at cystoscopy, in which event there will usually be found a pathological 
weakening of the wall; or the wall may be penetrated by the cystoscope, 
lithotrite, or other instrument; or there may be too deep figuration of a 
tumor or ulcer. In recent years extraperitoneal ruptures at the vesical 
orifice, caused by the electrical loop in vesical neck resection, have been 
reported. 



Fig. 222. Rupture of tabetic bladder. (From the collection of the late Dr. E. Christeller, 
Virchow ’s Kranlenhaus, Berlin.) 

Pathology. Rupture of the bladder may be either intraperitoneal or 
extraperitoneal, or may partake of the nature of both classifications. 

Intraperitoneal ruptures are more frequent than extraperitoneal ones, 
due, probably, to the fact that the usual trauma is to the anterior ab- 
dominal wall and occurs when the bladder is distended. When the 
bladder is only partially filled, extraperitoneal rupture is more frequent. 
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The site of intraperitoneal rupture is usually on the postero-superior 
aspect, which is the least supported and most vulnerable portion of the 
bladder. Extravasation of urine into the peritoneum rapidly follows, 
making early surgical intervention imperative. 

Extraperitoneal rupture is most likely to occur in conjunction with 
fracture of the pelvis. It results from severe violence directed against 
the hypogastrium or perineum, and, when this violence is simultaneously 
exerted in both these directions, the bladder has small chance of escaping 
serious injury. The most frequent site of extraperitoneal rupture is in the 
trigonal area. Occasionally the tear may be in the preperitoneal tissues 
in front, the space of Retains, or in the side of the vesical neck. With 
fractured pelvis, the bladder may either rupture or, if the bones have been 
splintered, be perforated in one or more places by fragments of bone. 
Perforation is more likely to occur with a distended bladder, but may 
happen also with a comparatively empty one. 

Symptoms. Both the intraperitoneal and * extraperitoneal types of 
rupture give similar symptoms, but the manifestations in the former type 
are usually more severe, and, in addition, there are likely to be symptoms 
of peritonitis, unless the patient is seen early. 

In intraperitoneal rupture, the common early symptoms are shock, 
which may be slight or so severe as to cause death; pain and tenderness 
in the hypogastrium; and a marked desire to void, with inability to do so 
or, at most, the passage of a few drops of blood. Occasionally there 
may be ability to void immediately after the accident, but evacuation 
will be painful and the urine blood-stained. The abdominal distention, 
rigidity, and tenderness increase with the extravasation of urine, but 
gastrointestinal symptoms are usually absent until peritonitis develops. 
If the urine is infected at the time of injury, the later symptoms are 
those of a septic peritonitis. 

In extraperitoneal rupture, early symptoms may be few or entirely 
lacking. If incurred in association with fracture of the pelvis, the symp- 
toms produced by the latter may temporarily mask the manifestations 
of the vesical injury, and it is only when the extravasated urine has had 
time to burrow into the surrounding tissues that the gravity of the 
bladder injuries is manifested. With subsequent infection, the clinical 
picture becomes that of sepsis. The pain following extraperitoneal 
rupture may be localized in the suprapubic region or referred to the 
perineum, rectum, penis, or lower extremities. There may be the passage 
of blood-stained urine, or total inability to void. If the site of the rupture 
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is in the base of the bladder, the urine will usually extravasate first into 
the ;jnost dependent -part of the extra vesical space, that is, the region 
occupied by the seminal vesicles behind the prostate, and, even if the 
rupture is higher up, the fluid will later invade this area. Its course 
may be upward, behind the posterior parietal peritoneum, in which case 
a mass may be palpated above the iliac crest or in one or both loins. In 
some instances there has even been invasion of the thigh, the extrava- 
sating urine dissecting under Poupart’s ligament, generally externally 
to the internal iliac vessels; or it may reach the scrotum, along and exter- 
nally to the structures occupying the inguinal canal. Extravasations 
can penetrate the pelvic fascia into the ischiorectal space and perineum, 
but this is unlikely unless the trauma causing the bladder rent has also 
caused disruption of other structures which normally would act as 
natural barriers. 

Diagnosis. Intraperitoneal rupture, in particular, frequently takes 
place without any associated inj’uries. In little children, especially, the 
diagnosis may be very difficult, because rupture of the bladder is a rare 
condition in childhood and the possibility of its occurrence is likely to 
be overlooked. However, young patients as well as older ones may be 
caught unawares with a full bladder, and even a trivial fall, as from a 
toy wagon, may be sufficient to cause vesical rupture. 

The history and physical examination are very important. A history 
of injury to the lower part of the abdomen, followed by hypogastric pain 
and intense desire to void with inability to do so, or by die passage of 
bloody urine, should make one suspect rupture of the bladder. The 
presumption of rupture is strengthened by the presence of a palpable 
mass in the lower abdomen or in the retrovesical region, or by free fluid 
in the abdomen, but these are later manifestations and to wait for their 
appearance is likely to prove disastrous. 

Where bladder injury is suspected, the patient should be requested 
to empty the bladder. His ability to pass urine which is not macro- 
scopically bloody will be a fairly reliable indication that the bladder 
is intact. 

The most commonly employed diagnostic procedure has been cathe- 
terization. Its use confirms an empty bladder or the presence of a small 
amount of bloody urine. Another method is to instil a measured quan- 
tity of sterile fluid and immediately attempt to withdraw it. Tf the 
amount recovered is less than that introduced, rupture should be sus- 
pected. Cystoscopy is sometimes useful in demonstrating the presence 
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and location of small ruptures; but in larger tears, the inability to keep 
the bladder sufficiently distended, and the excessive bleeding, may make 
determination of the injury impossible. In many cases the associated 
injuries and the patient’s general condition make cystoscopy entirely 
out of the question. Injection cystography and aerograms are also of 
value in demonstrating injury. However, neither a catheter nor a cysto- 
scope can be passed without risk of additional traumatization and 
increase in the incidence of infection. Where the necessary time for 
the procedure can be allowed, diagnosis is best made by intravenous 
urography, which permits secretory cystograms showing the diffused 
dye outside the bladder. This procedure lessens the danger of infection. 
Because of the frequency of associated bladder injury, all cases of frac- 
tured pelvis should have early intravenous urographic study unless the 
patient can pass normal quantities of urine. 

Immediate exploratory operation, preceded by a transfusion, if neces- 
sary, is advisable in all cases where the diagnosis is in doubt but where 
the history and findings indicate rupture. Rupture of the bladder, par- 
ticularly the intraperitoneal variety, requires emergency surgery, and a 
favorable outcome is dependent upon the length of time that elapses 
between receipt of the injury and institution of efficient drainage. 

Prognosis. The prognosis, particularly in intraperitoneal rupture, is 
grave. The primary shock and hemorrhage may be so severe as to be 
rapidly fatal; or death may occur from peritonitis, rapid sepsis due to 
early infection developing in the extravasated tissues, or from associated 
injuries. Early recognition and repair ,are of primary importance. 
The high mortality in intraperitoneal ruptures has been largely due to 
failure to recognize the condition early enough for operation to be per- 
formed before infection has set in. Extraperitoneal ruptures, if uncom- 
plicated, are usually less dangerous. An increasing proportion of these 
cases, however, are associated with fracture of the pelvis and extensive 
injury to adjacent structures. 

The mortality of rupture of the bladder is necessarily dependent in 
part upon the extent of general injuries, but it can be materially reduced 
by early diagnosis and operation. 

Treatment. The treatment consists of supportive measures, such as 
infusions or transfusions, external heat, and stimulants, and emergency 
surgery for drainage, diversion of the urinary stream, and repair of the 
bladder in accordance with the findings. The latter is described under 
Surgical Treatment of Rupture and Wounds of the Bladder (p. 1120). 
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Radium and X-ray Burns of the Bladder 

Injuries to the bladder following radiation have received almost no 
consideration in urological textbooks. Injury to the bladder base may 
follow radium or roentgen therapy of the prostate, uterus, or other pelvic 
organs. A. L. Dean (1933) reported 47 cases of bladder burns following 
irradiation of the uterus, and states that the possibility of vesical injuries 
must be recognized by all physicians who treat uterine diseases. In 
some cases the bladder injury followed comparatively light doses of 
radiation to benign uterine lesions. 

The bladder lesion is a form of obliterative endarteritis, resulting in 
necrosis of the tissues. It is usually found in the posterior third of the 
bladder base and in most cases is confined to the mucous membrane, 
indicating that the mucosa is more sensitive to radiation than the under- 
lying interstitial and muscular tissue. 

Symptoms and Diagnosis. As a rule, a considerable period of time 
elapses between the radiation and the development of vesical symptoms 
(from 1 to 10 years or more). The onset of symptoms is usually sudden 
Frequency, dysuria, and hematuria, which may be profuse, are the com 
mon bladder symptoms. 

Cystoscopic examination shows a central necrotic area surrounded b> 
a zone of edema, or an anemic grayish area surrounded by a red tclangi 
ectatic zone. Infection is always present, and the ulcerations are ofter 
covered with encrustations. 

The diagnosis is based upon the history, cystoscopic picture, and a 
biopsy by means of the cystoscopic rongeur. A history of frequency, 
dysuria, and hematuria, with previous uterine, prostatic, vesical, or other 
pelvic disease treated by irradiation, should suggest the possibility of a 
tertiary radiation reaction. The diagnosis is not easy, since the cysto- 
scopic picture may resemble that of vesical carcinoma, encrusted cystitis, 
or Hunner’s ulcer. In carcinoma the growth usually rises abruptly from 
the mucous membrane, and normal mucous membrane can be seen 
extending up to the tumor’s edge, whereas in radium burns the mucous 
membrane for quite a zone around the central lesion shoe's edema and 
redness (Smith). The only definite means of diagnosis is by biopsy, and 
this is always indicated. Dean warns of the dangers of treating radia- 
tion injuries of the bladder by radiation, figuration, or any other 
destructive method employed in the treatment of cancer, and of the 
possibility of producing fistulas. Since these lesions are apparently of 
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fairly frequent occurrence, the urologist should be familiar with them 
and should always bear in mind the possibility of radiation burns in the 
differential diagnosis of vesical lesions. 

Prognosis. In a few cases death has resulted from profuse secondary 
hemorrhage following ulceration. In other cases there has been exten- 
sive destruction of tissue. In the majority of cases, however, the end- 
results, with proper treatment, are excellent, although treatment may 
have to be persisted with over a period of many months. 

Treatment. The best results have been obtained by acidifying the 
urine (which is usually of .alkaline reaction), daily lavage of the bladder 
with phosphoric acid, beginning with a 1 per cent solution and increasing 
to 5 per cent, and daily instillations of argyrol. Sedatives may be 
necessary for the relief of pain, which is sometimes intense. 

Injuries to the Female Bladder Sustained During Parturition 

During a prolonged labor, or one necessitating much instrumentation, 
the bladder may be injured by pressure of the fetal head as it passes 
through the portion of the vaginal canal in contact with the bladder base; 
or it may be bruised by forceps inexpertly applied. By irreparably 
damaging the blood vessels, such trauma interferes with nutrition of the 
parts, resulting, in the more serious cases, in sloughing of the tissues and 
the formation of fistulas between the urinary and genital tracts. Occa- 
sionally the bladder may be pierced by an instrument. Rupture of the 
bladder during labor is, however, very rare. 

Vesicovaginal and other urinary fistulas, which may follow a difficult 
labor, trauma, or some gynecological operation, such as vaginal hysterec- 
tomy, are considered under Vesical Fistulas, (p. 1076). 

B. Diseases of the Bladder 
Cystitis 

By “cystitis” is meant an inflammation of the urinary bladder char- 
acterized by frequent and painful urination and pus in the urine. In- 
flammations of the bladder are very common. They are usually second- 
ary to lesions elsewhere in the urogenital tract or in the gastrointestinal 
tract (fissure, hemorrhoids, diverticulitis, carcinoma of the rectum or 
colon), or to general disease processes (diabetes mellitus, nephritis, tabes 
dorsalis) or foci of infection. Cystitis as a primary lesion is rare. 

Inflammations of the bladder may be acute or chronic, and of non- 
bacteria) origin or caused by specific or non-specific organisms. 





Plate I. The Normal Bladder as Viewed thkooch tue Cystoscope 
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Et«ology. Bacterial Causes. Bacterial or parasitic invasion is the 
most common cause of vesical inflammation. The agents that may he 
responsible include all of the ordinary pathological organisms, but bacil- 
lary infections due to the colon bacillus predominate. The colon bacillus 
has numerous strains, which vary in toxicity. Seventy-five per cent or 
more of colon bacillus infections of the urinary tract are due to organisms 
ol the true B. coli group (Escherichia). Next in frequency in bladder 
infections is the staphylococcus. Other organisms are streptococci, 
colon bacilli of the aerogenes group, and bacilli of the proteus and pyo~ 
cyaneus groups. The Micrococcus cal arr kalis and pneumococci are 
uncommon. 

Specific organisms include the gonococcus, Koch’s bacillus, Spirochaeta 
pallida. Schistosoma haematobium, aclinomyces, various forms of amebae, 
the Taenia echinococcus, and the Trichomonas vaginalis. The vesica] 
inflammations produced by these specific organisms are described under 
their respective headings. 

The specific organisms of certain infectious diseases, such as influenza, 
typhoid fever, meningitis, and dysentery, are also found in the bladder. 

Mixed infections are very common. 

Non-Bactcrial Causes. Chemical irritation may set up inflammation 
of the vesical mucosa. Overindulgence in alcoholic beverages, espe-, 
dally beer, the ingestion of cantharides or urinary antiseptics in too 
large quantities, exposure to turpentine, coal-tar products, and other 
irritating chemicals, the injection into the bladder of strong chemicals, 
hyperacid or ammoniacal urine — any one of these may cause inflamma- 
tion of the bladder. Chemical substances derived from the food and 
excreted in the urine may cause vesical irritation. 

Mechanical irritation of the mucosa, due to the presence of a calculus, 
a foreign body introduced by the patient or his physician (Retention, 
catheter, etc.), a necrotic bladder tumor, or an extra vesical mass, may 
cause cystitis. 

Postoperative, Pregnancy, and Postpartum Cystitis. Postoperative 
and postpartum inflammations of the bladder are frequent, but preg- 
nancy cystitis is relatively uncommon. 

Postoperative cystitis may follow practically any intervention upon the 
urinary tract, and frequently occurs after hysterectomy and other gyneco- 
logical operations, as well as after interventions upon more remote organs. 
Postoperative cystitis is often extremely obstinate in yielding to treat- 
ment, and it is hardly necessary to state that the best treatment of these 
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conditions is preventive. Prevention is often possible in postoperative 
cases, where the patient can be made to void without catheterization. 
"When catheterization is necessary, soft catheters and the strictest aseptic 
technic should be used. Postoperative cases, however, should not be 
allowed to remain .too long with overdistended bladders. In operations 
upon the prostate and bladder, especially, adequate preoperative atten- 
tion will largely obviate postoperative cystitis. A vigorous course of 
treatment aimed at the elimination of pyogenic organisms from the blad- 
der and urethra should be an indispensable part of the routine preopera- 
tive preparation. 

Cystitis in pregnancy is relatively infrequent. When it does occur, it 
is usually secondary to a pyelitis or the result of traumatic injury or 
infection through unwise catheterization. Crabtree, who has made 
extensive urological studies of pregnant women at the Boston Lying-In 
Hospital, found that, in general, the bladder of the pregnant woman 
shows great tolerance to infective agents, and cystitis is rarely encoun- 
tered even in bladders through which purulent urine from a diseased 
kidney has been passing for months. Retention of urine may occur 
during pregnancy from retroversion of the gravid uterus at about the end 
of the third month, or from pressure of the fetal head in the later months. 
Overdistention and residual urine eventually bring about cystitis. This 
can best be remedied by placing the fetus in a normal position, using 
external manipulation. Catheterization is to be avoided if possible. 

Whatever the cause remotely responsible for a pregnancy cystitis, the 
immediate agent is a pyogenic organism— usually the Bacillus coli or 
the Staphylococcus pyogenes aureus. If the vesical mucosa is intact, these 
organisms have no deleterious effect, but otherwise they are capable of 
great damage. Although the catheter is their most common means of 
entrance, it is probable that infective organisms also migrate upward 
through the urethra without instrumental intervention. In many cases 
there has doubtless been a preexisting cystitis, possibly unknown to the 
patient, which is exacerbated by the pressure of the enlarging uterus or 
reactivated by injudicious diet, instrumentation, or disease in the upper 
urinary tract. 

The elimination of any mechanical causes, with rest in bed, bland diet, 
and alkalinization and dilution of the urine, with avoidance of instru- 
mentation, will generally clear up the cystitis. 

In postpartum cases, the symptoms of cystitis, which are recognized 
to be very deceptive while pregnancy is in progress, appear to play a more 
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important part (Crabtree)., Frequently a urinary-tract infection will 
be more or less active for six months, or even a year, after delivery before 
any symptoms of cystitis will appear. The reason for this is not clear; 
but the importance of observing the woman who has had urinary-tract 
irregularities during pregnancy, for many months after delivery, is abun- 
dantly demonstrated. The treatment of postpartum cystitis is along 
the same lines as for general cystitis. 

Routes of Invasion. Most vesical inflammations are secondary to 
infections of the urogenital tract either below or above the bladder. 
Invasion by way of the urethra, either as a result of instrumentation or 
by direct extension, is very common. In the female, in particular, infec- 
tion may readily ascend to the bladder, due to the shortness of the urethra 
and the poor development of the external sphincter; and urethrocystitis 
and urethrotrigonitis are common complaints in females of all ages. 
Invasion of the bladder, following a prostatoseminal vesiculitis in the 
male or a cervicitis in the female, occurs frequently. Descending exten- 
sion through the ureter, from a primary source in the upper urinary tract, 
is also very common in both sexes. Occasional portals of infection are 
the urachus and operative or spontaneous fistulas. Direct extension 
from a neighboring focus, such as an inflamed appendix, sigmoid, or 
oviduct, may occur. It is the opinion of most observers that the bladder 
is rarely directly invaded by means of the blood stream, which is so 
important in renal infections. 

Since most vesical inflammations are secondary', the cause of the blad- 
der lesion must be sought in every case. 

Factors Predisposing to Cystitis. The normal urinary bladder has 
excellent defenses against bacterial invasion and is very resistant to 
infection. Bacteria do not readily penetrate its wall, and the external 
and internal sphincters are barriers to ascending infection from below. 
That bacteria may be introduced into the normal bladder without pro- 
ducing infection is a fact well known. This resistance of the bladder is 
probably due to its pavement epithelium, few glands, and the fact that 
it completely empties itself at frequent intervals. An infected bladder 
attempts to rid itself of its abnormal contents by increased activity 
(frequency’); hence, infections in the normal bladder tend to disappear 
shortly unless there is an extravesical focus to feed organisms into it. 

When a cystitis persists for more than two weeks, there is usually 
present either (1) an outside source for the continuous feeding of organ- 
isms into the bladder, (2) an obstruction to free urinary evacuation, 
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resulting in the presence of residual urine — an excellent culture medium, 
or (3) some factor, such as a vesical calculus or necrotic malignant tumor, 
producing constant mechanical irritation of the vesical mucosa. 

Mechanical obstruction , resulting in more or less urinary retention, is 
a very common predisposing factor in vesical infection. Such obstruc- 
tion may be due to a variety of causes, both congenital and acquired: 
phimosis; urethral stricture, diverticulum, stone, or tumor; urethrocele; 
posterior urethral valves; hypertrophy of the verumontanum, prostate, 
vesical neck, or inter ureteral ridge; prostatic carcinoma; median bar; 
contracture of the vesical neck; cystocele; and vesical diverticulum. The 
presence of any one of these may explain an intractable cystitis. 

Lesions of the central or peripheral nerves , causing atony of the bladder 
and retention, are accessory factors in the production of cystitis. 

Cure of the cystitis is dependent upon the removal of these sources of 
infection, obstruction, or traumatism. 

Pathology. The mild form of cystitis, often termed catarrhal, usually 
is confined to the trigonal region or around the ureteral orifices. If left 
untreated, however, this may quickly progress to a more severe inter- 
stitial form (Plate II), involving a considerable extent of the bladder 
wall, which becomes thickened and edematous, often passing on to the 
formation of granulations, bullae, cysts, and even ulceration. Under 
these circumstances, the capacity of the bladder may be greatly reduced. 

Acute Cystitis. In acute cystitis the glistening “peach-blossom” ap- 
pearance of the normal vesical mucosa changes to a reddish blush. The 
delicate network of blood vessels, which normally is clearly discernible, 
is blotted out by engorgement of the capillaries. The inflammation may 
be diffuse or, in less severe cases, may be confined to certain areas, giving 
the mucosa a blotchy appearance. Markedly dilated blood vessels are 
to be seen in the mucosa. (See Plate II.) The most frequently affected 
portions of the bladder are the trigone and the floor of the vesical orifice — 
that is, the parts of the wall surrounding the portals through which 
infection usually enters the viscus. At points of intense inflammation 
there may be areas of superficial ulceration and ecchymoses. Often the 
edema is so marked, particularly about the vesical orifice, as to produce 
small bullae, which may become so aggravated as to cause the trigonum 
to resemble a bunch of grapes. In very severe cases the surface of the 
mucosa becomes shaggy, and strings of fibrin, muco-pus, and necrotic 
tissue may be seen clinging to it. Ulceration follows this state, and 
may infiltrate the musculature. 
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Plate II. Various Types or Inflammation or the Bladder Wall as Observed through 
THE CYSTOSCOPE 
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The inflammatory changes in acute cystitis are usually confined to the 
mucosa and submucosa. The mucous membrane is freely movable on 
the underlying muscle, which is uninvolved by the inflammatory process, 
although it may be somewhat hypertrophied from the increased activity 
caused by the vesical irritability. 

Chronic Cystitis. Chronic cystitis is always interstitial, involving all 
the layers of the bladder wall. It is often accompanied by pericystitis. 
The capacity of the bladder is diminished, due to thickening of its wall 
and loss of its normal distensibility. 

The mucous membrane has a dull, grayish appearance, and areas of 
dilated blood vessels and vascular ecchymoses may be seen, particularly 
in the trigone. It is rare to see the entire mucous membrane of the 
bladder equally involved in chronic cystitis. The mucosa loses its 
smoothness and is frequently more or less covered with projections. One 
of the commonest forms assumed by chronic cystitis is bullous edema 
(Plate VII), which is often met with in tuberculosis and sometimes in 
long-standing colon bacillus infection. Ulceration is a later manifesta- 
tion of long-standing infection and often follows bullous edema. The 
ulcerations are sometimes encrusted with urinary salts (Encrusted Cysti- 
tis, p. 1011). In other cases, the mucosa is covered with a pseudomem- 
branous exudate. Exceptionally, gangrenous cystitis is seen, usually 
as the end-result of a severe cystitis due to trauma and infection which 
have interfered with the blood supply. Cornification of the epithelium 
in spots may occur in long-standing cases Trabeculations and diver- 
ticula are often present. 

The mucosa is partly or completely desquamated, and there is inflam- 
matory infiltration of the submucosa and, eventually, of the musculature. 
Multiple small interstitial hemorrhages are often seen (Plate II). The 
submucosa loses its flexibility and fuses with the musculature. Even- 
tually, both the submucosa and the interfascicular interstitial tissue are 
replaced by dense sclerotic tissue. Later on, the muscle bundles them- 
selves may be involved in the sclerotic process, resulting in more or less 
muscular atrophy. 

Particular forms of cystitis may occur during the course of a chronic 
cystitis as the result of special changes in the mucosa. 

• (1) Cystitis granulomatosa is a common accompaniment of both 
chronic and encrusted cystitis. The vesical mucosa is more or less 
covered by exuberant granulation tissue, rich in blood vessels, which 
may occur in localized plaques or be diffuse (granular cystitis). These 




Fig. 223. (1) Cystitis, with large hemorrhagic areas present. There is a diverticulum 
in the urethra containing 5 stones. Female, aged 64 years. (2) Specimen of bladder 
showing a large ulcer on the posterior wall surrounded by a hemorrhagic area and with 
necrosis in the center. The collateral vessels are greatly injected. Female, aged 30 years. 
(ChristeUer.) 
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Tic. 224. Very extensive cystitis cystica. The only portion of the bladder which is free of 
cysts is the trigone. Specimen from a female, aged 59 years. (ChristeUer.) 
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papillary projections may be either single or grouped. They sometimes 
have a sessile appearance and may then resemble a neoplasm. They 
are true granulation tissue. 

(2) Cystitis glandularis is a glandular proliferation due to chronic 
inflammation, the histological features suggesting that found in the small 
intestine. Occlusion of the glands may result in the formation of cysts. 
It occurs in the vesical mucosa of all long-standing cases of exstrophy 
of the bladder (Hinman). 

(3) Cystitis follicttlaris is characterized by collections of rounded, yel- 
lowish nodules of lymphoid tissue, of varying number and size, with a 
surrounding red zone. The nodules may be so closely grouped as to 
appear confluent. Usually the overlying epithelium is intact. It is due 
to a subepithelial round-cell infiltration and lymph accumulation. 

(4) Cystitis cystica is characterized by small groups of minute, round, 
translucent cysts, chiefly about the trigonal orifices. Cystoscopically, 
they are difficult to differentiate from certain types of bullous edema. 
The cysts lie in or directly beneath the mucosa, are lined with epithelium, 
and are filled with clear fluid resembling colloid. This type of lesion is 
also found in the ureter and renal pelvis (ureteritis cystica; pyelitis 
cystica). 

(5) Cystitis emphysematosa — the presence of gas-containing vesicles 
in the bladder in association with inflammation— is chiefly an autopsy 
finding. It was formerly believed to be very rare and to occur almost 
exclusively in females. Only about 35 cases have been reported. Mills 
(1930) reported 11 cases found at autopsy at the Mayo Clinic, and stated 
that “cystitis emphysematosa is a distinct pathological entity and sooner 
or later it will be observed antemortem.” In 1932, Ravich and Katzen 
reported the first authentic case observed in vitam. This was discovered 
at an emergency" cystnstomy, the patient making a complete recovery 
Cases have subsequently been recorded by Redewill, Sanes and Doro- 
show, and Rosedale — in all of which the diagnosis was made postmortem. 
Wells (1938) reported 7 typical cases found in 1,800 routine necropsies 
between the years 1930 and 1938. The later reports indicate that this 
lesion is not so rare as was formerly believed, and that it occurs in men 
almost as often as in women. 

In a typical case, the bladder wall, particularly in the trigonal region, 
is covered with multiple submucosal, clear, gas-filled vesicles protruding 
well into the vesical mucosa. The vesicles vary in diameter from 1 to 
8 mm., are thin -walled, and lined with endothelium. Some are well 
rounded, while others are clefts produced by gas infiltration of the con- 
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nective tissue spaces (Wells). The intervening stroma contains poly- 
morphonuclear leukocytes and, beneath them, hemorrhagic areas. 

Nothing definite is known of the etiology. The condition has never 
been observed cystoscopically, and, with the exception of Ravich and 
Katzen’s case, all of the reported cases have been postmortem findings. 
In one of Sanes and Doroshow’s cases the patient, a child, was cysto- 
scoped one week prior to death without any gas-containing vesicles being 
observed; but whether or not the cysts had been present antemortem in 
the remainder of the cases is unknown. Almost all the cases were asso- 
ciated with a gas-producing colon bacillus infection. Most observers 
agree that a high blood sugar predisposes the patient to this type of 
bladder infection. In more than half of the reported cases there had 
been diabetes, or glucose in saline had been administered by clvsis. A 
number of observers believe that the increased glucose in the urine and 
bladder tissues may be an etiological factor. 

(6) Pseudomembranous cystitis may be diffuse or involve circumscribed 
areas of the bladder Avail. It is commonly limited to the trigone ( pseudo- 
membranous trigonitis). The mucosa is covered by confluent exudates 
(composed of fibrin, debris, pus, and microorganisms) which form a thin, 
loosely adherent, grayish or pinkish pseudomembrane, with ragged, 
detached edges. The adjacent mucosa is usually more or less inflamed. 
The exudative pseudomembrane is easily freed from the mucosa. The 
condition may result in ulceration or in gangrenous cystitis. 

(7) Ulceration, usually superficial, is a common complication of the 
ordinary forms of chronic cystitis. The ulcers may be single or multiple, 
and may be located in various parts of the bladder. Vesical ulcers are 
also seen in connection with specific infections such as tuberculosis, 
syphilis, typhoid fever, and bilharziasis, or in association with malignant 
tumors, or chemical or mechanical injury, or following radiation of the 
bladder, prostate, uterus, or other pelvic organ. These are described 
elsewhere. The foregoing must be differentiated from localized sub- 
mucous fibrosis (Hunner’s ulcer), which is a separate entity (see Plate II) . 

Symptoms of Cystitis. Frequency of urination is the most constant 
symptom of acute cystitis. The onset is usually insidious, but the con- 
dition may rapidly become worse, and the frequency is then usually 
accompanied by dysuria and urgency. The patient may be required to 
empty the bladder every 15 or 20 minutes during the day and night. 
The symptoms may become so aggravated in certain cases that there is a 
constant desire to urinate. 
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Pain may be felt in the perineal or suprapubic region . In the presence 
of retention of urine, there may be more or less steady pain over the 
bladder. 

Hematuria, particularly at the end of urination, may occur in severe 
cases. 

Pyuria is a constant symptom, and may be macroscopically perceptible 
even to the patient. The urine may be only faintly cloudy, or it may be 
turbid, and all the receptacles — whether one, two, or even more are 
used — heavily clouded with blood, epithelial cells, and organisms. 

The symptoms of chronic cystitis resemble those of the acute process, 
but are much milder and less pronounced. The desire to void occurs 
usually every two or three hours during the day and two or three times 
during the night. 

Cystitis does not, as a rule, produce fever, chills, or gastrointestinal 
symptoms unless there are associated renal or other extravesical diseases, 
such as pyelitis, pyelonephritis, pericystitis, or prostatoseminal vesiculitis. 

Diagnosis. The diagnosis of cystitis is usually determined by the 
history, physical examination, microscopic examination of the urine, and, 
in chronic cases, by the appearance of the bladder through the cysto- 
scope. A patient with acute cystitis should not be cystoscoped if it 
can possibly be avoided. 

Obtaining a good history is of the greatest importance, since a patient 
with symptoms of cystitis may be suffering from a lesion in some remote 
or adjacent part of the body of which the bladder symptoms may be 
only one expression. If the patient gives a history' of recurring attacks 
of cystitis, it is probable that some underlying factor — frequently pyelitis 
or infected hydronephrosis — is responsible for the recurring attacks, the 
discovery of which is of paramount importance. Of particular signifi- 
cance is a history of tuberculosis, gastrointestinal disturbances or lesions 
o£ thfe rectum at anus, a surgical operation just before the onset of the 
bladder symptoms, or disease of the female internal genitalia. 

For the same reason, a careful physical examination is essential. 

Careful microscopic and bacteriological examination of clean, fresh 
specimens of urine is of the greatest importance in both acute and chronic 
rases. The urine should be examined as expeditiously' as possible. In 
females, urinary’ specimens should always be collected by catheter. In 
males, they should be collected by the three-glass method (100 cc. each), 
the contents of the second glass being the true bladder urine. The meatus 
should be carefully cleansed prior to voiding in the sterile container. 
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An acute cystitis usually subsides 'within a period of 10 to 12 days unless 
there is a continuous flow of organisms into the bladder, a traumatic focus 
causing mechanical irritation, or lesions of the spinal cord, urethra, or 
bladder neck, preventing complete evacuation of the urine. If the 
bladder inflammation does not yield to adequate treatment in this time, 
it should be tentatively regarded as a secondary manifestation of a condi- 
tion, within or without the bladder, which must be eliminated before a 
cure of the cystitis can be hoped for. All such patients should have 
cystoscopic examination. 

If the cystoscopic examination reveals a negative bladder, vesical neck, 
and urethra, then the upper urinary tract must be investigated by means 
of ureteral catheterization, with examination of separate specimens of 
urine, and determination of the function of each kidney. If deemed 
necessary, pyelography or excretion urography should be done. Many 
cases of chronic cystitis are secondary to infections of the upper urinary 
tract, which must be eradicated before response to treatment of the blad- 
der involvement can be looked for. 

Differential Diagnosis. As the chief symptoms of cystitis— frequency, 
pain, and pyuria — are also symptoms associated with other inflammatory 
lesions of the genito-urinary tract, careful interpretation of the findings 
is essential. 

The type of cystitis present is determined by microscopic and bacterio- 
logical examination of the urine and, in chronic cases, by cystoscopic 
examination. The colon bacillus, the chief offending organism in vesical 
inflammations, is not only readily identified, but the particular strain 
of colon bacillus may be determined. Granulations, cysts, ulcerations, 
encrustations, and other inflammatory changes that may accompany 
chronic cystitis are all recognized by their cystoscopic appearance. 

In the absence of bacteria, in women who are going through the 
menopause, the vesical irritation may be of a non-bacterial type which 
occurs during this period and which is benefited by the injection of 
ovarian extract. 

Prognosis. Acute cystitis usually dears up promptly under proper 
treatment unless there is a constant influx of infectious organisms or 
some obstruction to free urinary drainage. Even the most stubborn of 
chronic cases will usually yield to treatment, if the general principles of 
elimination of the source of irritation, removal of any obstruction to 
urination, and proper treatment of the bladder condition, by general and 
local measures and oral medication, are observed. Certain cases may, 
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however, prove very unyielding, requiring prolonged and varied 
treatment. 

Treatment. The treatment of a patient with cystitis involves (1) the 
relief of the subjective symptoms and (2) the cure of the infection or 
other underlying cause. In the past, the patient has frequently been 
recorded as cured once the symptoms had subsided; but modern medi- 
cine regards the patient as cured only when the urine is free of pus and 
sterile on culture. The general principles involved in the treatment of 
cystitis are (1) elimination of the source of irritation, (2) removal of any 
existing obstruction to free evacuation of the urine, (3) treatment of the 
local condition. 

It is useless to treat cystitis, with the hope of a cure, without removing 
the cause, whether it be an infection in the upper or lower urogenital 
tract or in an adjacent organ, an extravesical mass, a calculus, foreign 
body, or tumor within the bladder, an obstructive lesion of the urethra 
or vesical neck, or a systemic condition. 

The securing of good drainage of the urinary tract is of primary impor- 
tance, because any stasis of urine will result in rapid multiplication of 
the infective organism. Irrespective of the efficiency of the urinary 
antiseptic employed, a sterile urine will not be obtained if a residual 
persists. Central nervous lesions may require permanent suprapubic 
drainage, with vesical irrigations through the tube. 

It is important to know precisely what organism or combination of 
organisms is responsible for the bladder inflammation. Though the 
colon bacillus is at fault more often than any other, there is a host of less 
prevalent organisms that cause serious bladder disturbance. The treat- 
ment — chemotherapeutic, dietetic or otherwise — will vary in accordance 
with the nature of the infection, and will therefore be governed largely by 
the laboratory findings. 

Acute Cystitis. During the acute stage, it is important that the 
patient have complete rest in bed. Hot applications to the suprapubic 
and perineal regions, and hot rectal or vaginal irrigations, give great 
relief. Pain is relieved by rectal suppositories of J grain of opium and 
£ grain of extract of belladonna, or by sedatives administered orally. 

The bowels should be kept regulated by means of mild laxatives. 

urging is always contraindicated. When stasis of the colon contents 
is allowed to persist, a constant supply of colon bacilli enters the urinary 
stream through the kidneys, being either blood-borne or conveyed 
through the lymphatic system. 
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Cystitis is usually aided by the dilution of the urine by the free drink- 
ing of 'water; but in cases with distressing dysuria, large volumes of fluid 
will increase the irritation. 

Alkalinization of the urine is frequently important in relieving the dis- 
tressing dysuria of acute cystitis. To this end, a high alkaline ash diet 
(p. 1192) is prescribed and, in addition, sodium bicarbonate, potassium 
citrate, or one of the alkaline mineral waters. There are many excellent 
waters on the market, but in our experience none has proved more effica- 
cious than our own American Kalak water, which is more palatable 
and has a higher alkaline content than many of the foreign waters. 

Tincture of hyoscyamus is an excellent drug for irritable bladders. 
In severe cystitis from any cause, the following prescription (Kir win’s 
Mixture) is very helpful: 

Potassium citrate 

Tinct. Hyoscyami 

Tinct. Opii camphorata 

Elix. Saw palmetto et Santahsood q s. ad 

Sig.: — Dr. 2 (S cc.) q. 4 hrs. 

In less severe cases the following prescription is useful : 

Tinct Hyoscyami . . . Oz. 1 (30 cc.) 

Potassium citrate Oz. 1 (30 cc.) 

Aqua ad . Oz. 6 (180 cc.) 

Sig : — Dr. 1 or 2 (4 or 8 cc.) q. 4 hrs. in water 

Local treatment, such as instillations and irrigations, are not, generally 
speaking, used during the acute stage. However, the instillation and 
retention of 1 or 2 ounces of novocaine borate, 2 per cent, will give tem- 
porary relief in very acute cases. 

Sulfonamide therapy is very useful in acute cystitis of bacterial origin. 
When other urinary antiseptics are used (methenamine, mandelic acid) 
most urologists prefer to keep the patient on an alkaline regime for sev- 
eral days to relieve the most distressing symptoms, then administer the 
antiseptic. 

Chronic Cystitis. General Measures. The most important step 
in the cure of chronic cystitis is the removal of the primary condition 
(renal, urethral, systemic, etc.) responsible for the cystitis. A person 
suffering from cystitis should lead a very quiet, non-athletic life tem- 
porarily, and should particularly avoid exposure to cold or damp. In 


Dr. 6 (24 cc.) 
Oz. 1 (30 cc.) 
Oz. 1 (30 cc.) 
Oz. 4 (120 cc.) 
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the more severe chronic cases the patient should be confined to the house 
in cold, wintry weather or sent to a temperate climate. 

In general, in cases with dysuria, the patient should be put on a low- 
protein, alcohol-free diet. All rich foods, condiments, spices, and other 
irritating substances, such as berries of all kinds, tomatoes, and carrots, 
should be avoided. Certain forms of infection call for specific diets 
which will reinforce the effects of the therapeutic measures that are being 
applied, and these will, of course, vary' in accordance with the nature of 
the infection and the kind of treatment that is being employed to combat 
it (Diet, p. 1187). 

Local Treatment. In subacute and chronic cystitis, bladder irriga- 
tions have been found very’ helpful for cleansing the bladder and relieving 
the pain and congestion (Bladder Irrigations and Instillations, p. 1158). 
These should be given daily’ at first, and then two or three times a week. 
The antiseptic solutions in most common usage are normal saline solu- 
tion, boric acid, 2 per cent ; rivanol dextrose, 1 : 8,000; acriflavine, 1 : 8,000; 
potassium permanganate, 1:8,000. For vesical hemorrhage, silver 
nitrate, 1:10,000 is useful (but should never be used in vesical tuber- 
culosis). Sodium citrate. 1:8,000 will prevent the formation of 
large clots. 

Granulations and ulcerations may require figuration. 

In very’ severe cases of chronic cystitis a suprapubic cystostomy is 
frequently' advisable to .prevent gangrene. Such cases usually present 
a severe urosepsis. 

Urinary Antiseptics: Acidifying Drugs and Diets. For the 
active combating of vesical infections, many urinary antiseptics for oral 
administration have been recommended, none of which is ideal though 
many have proved merit. Some urologists recommend the use of a 
urinary’ antiseptic in the acute stage of a cystitis, while others prefer 
first to relieve the patient’s acute symptoms by’ alkalinizing the urine. 
In chronic cystitis, the urinary’ antiseptics are used as soon as the diagno- 
sis is made, unless there are severe subjective symptoms. 

The sulfonamide drugs (sulfadiazine and sulfathiazole in particular) 
have to a great extent supplanted the older urinary antiseptics in vesical 
as in other urinary-tract infections. 

Methenamine (hexamethylcnamine, urotropin) is an efficient and prac- 
tical drug for the treatment of bacillary infections of the bladder (except 
tuberculosis) and of staphylococcal cystitis. Since methenamine acts 
only in an acid urine, an acidifying drug is essential. Methenamine and 
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acid sodium phosphate, or other acidifying drug, should be given in 
4'gram (60-grain) doses during the 24 hours. 

Mandelic acid is often effective in infections due to the colon bacillus 
(Escherichia). The urine must be kept below a pH of 5.3 for bactericidal 
action. Twelve grams of mandelic acid daily, in divided doses, is the 
usual amount prescribed. The fluid intake is limited to 6 glasses of 
water in the 24 hours, to insure the necessary urinary concentration of the 
mandelic acid. If administered in the form of ammonium mandelate, as 
is commonly done, a secondary acidifying drug is not, as a rule, necessary. 
When sodium mandelate is used, ammonium chloride (4 Gm.) or other 
secondary acidifying drug, is required. 

It is advisable to combine both methenamine and mandelic acid therapy 
with a high acid ash diet. The ketogenic diet has been highly recom- 
mended for the treatment of colon bacillus infection and other bacillurias 
in which it is essential to secure an add reaction of the urine. While it 
has proved very efficient in some cases, hospitalization is generally neces- 
sary for its successful carrying out, and it is unpleasant and upsetting to 
the patient. The high acid ash diet, reinforced by the oral administration 
of acid sodium phosphate, sodium benzoate, ammonium chloride or 
nitrate, calcium chloride, or nitrohydrochloric acid as recommended by 
Crance and Maloney, is, we feel, a more practical and equally effective 
method of securing acidity of the urine because it can be carried out at 
home and is not upsetting to the patient. A valuable adjunct is Poland 
water, which is neutral and more palatable than distilled water. All 
ordinary tap water is distinctly alkaline. 

Other urinary antiseptics that have been recommended for bladder 
infections are acriflavine and methylene blue, both of which have a 
limited usefulness but are irritating to the digestive tract. Pyridium 
(0.1 Gm. 3 times a day) is helpful when the urine is persistently alkaline. 

The above-mentioned drugs and diets are discussed at greater length 
under Urin&ryAfitrseptccs (p. 1 M2); Nitrohydcvckterk: Add m the Treat- 
ment of Colon Bacillus Infections (p 1186); Diet (p. 1187). 

Gangrenous Cystitis 

Cystitis gangrenosa (diphtheric, exfoliative, or croupous cystitis, 
cystitis gangrenosa dissecans, necrosis of the bladder) is a superficial or 
deep necrosis occurring, usually, as a terminal phase of a severe cystitis 
in greatly debilitated subjects, or as the result of trauma and infection 
which have interfered with the blood supply of the bladder wall. Stirling 
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and Hopkins were able to collect 207 cases from the literature up to 1933, 
and numerous additional cases have since been reported. The condition 
is probably much more common than is indicated by the published 
reports, and in every case of severe chronic cystitis the possibility of 
gangrene should be kept in mind. Many of the recorded cases escaped 
detection during the course of a profound illness, and were diagnosed 
only at autopsy. 

Etiology. Gangrene of the bladder was once regarded as an exces- 
sively rare condition seen almost exclusively in postpartum cases. Sev- 
eral etiological factors are now known to contribute to its incidence: a 
severe cystitis which has interfered with the blood supply of the bladder 
wall, or a general infection such as typhoid, diphtheria, or meningitis; 
trophic disturbances; trauma due to extravesical pressure (uterine dis- 
placement in pregnancy, pelvic tumors, prolonged labor, etc.), inter- 
fering with the nutrition of the vesical wall; injury from injected chemi- 
cals or from x-ray or radium therapy; circulatory' obstruction due to the 
ligation of adjacent arteries, thrombosis, or embolism; and central 
nervous lesions resulting in urinary' retention. Retention of urine, infec- 
tion, and interference with the blood supply are the chief predisposing 
causes. 

A new etiological factor in the production of vesical gangrene, that 
has come to the forefront in recent years, is transurethral prostatic 
resection. A few such cases have been reported, and numerous others 
have probably occurred without seeing the publicity of print. 

Pathology. Any' or all of the layers of the bladder wall may be 
involved in the destructive process. If cystoscopy is possible, there 
may be made out areas of beginning necrosis, with intense congestion 
of the trigone and many hemorrhagic areas. The entire wall may be 
involved in the necrosis, so that it has a dirty, grayish, shaggy aspect. 
The vesical orifices are usually' gaping. 

Later, the mucosa loses its histological structure, and may exfoliate 
off en masse or be cast off in small particles as the disease progresses. 
After separation of the slough, the bladder presents its inflamed muscula- 
ture, if the involvement has been deep. With subsidence of the acute 
process, provided the patient survives, regeneration and fibrosis take 
place, with contracture of the bladder and reduction of its capacity'. If 
much tissue has been lost in the region of the trigone or vesical neck, 
there may be interference with the ureteral orifices or with the function 
of the internal vesical sphincter. If the necrosis has been due to inter- 
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ference with the blood supply to the bladder wall, nature may re-establish 
nutrition by means of the collateral circulation. The regenerative 
powers of the bladder epithelium are very great, and not infrequently 
there is a return to a semblance of normal conditions. 

Symptoms and Diagnosis. Of diagnostic importance are the history, 
urinary findings, cystoscopic appearance of the bladder, and microscopic 
examination of the exfoliated tissue. 

The symptoms are those of a urosepsis. The urine is foul, ammoni- 
acal, and loaded with pus, blood cells, and debris of the bladder mucosa. 
Bacteriological examination will show streptococci or Staphylococcus 
pyogenes and colon bacilli, with, less often, S. viridans, B. typhosis , or 
B. protests. Hematuria is sometimes very profuse. Perforation of the 
bladder wall and peritonitis may occur. Intermittent occlusion of the 
catheter, due to plugging with particles of exfoliated tissue, and inability 
to empty the bladder by catheter, are pathognomonic. Exfoliation 
occurs late in the disease, however, and the outlook is distinctly poor if 
the condition is not recognized until it has reached this advanced stage 

Vesical neoplasm and pseudomembranous cystitis must be ruled out. 
In the latter, the symptoms are usually much less severe. 

Prognosis. The prognosis depends upon the severity of the infection 
and on the degree of necrosis that has taken place by the time treatment 
is instituted. Gangrenous cystitis is invariably fatal when it occurs as a 
terminal phase in patients with debilitating disease. If the necrosis 
has been due to interference with the blood supply to the bladder wall 
during the course of an operation or a difficult labor, and if the patient’s 
condition was good prior to the operation, the chances of his surviving 
gangrene of the bladder are good. 

Treatment. Early diagnosis is very important, since hope of recovery 
lies in the prompt removal of the necrosed tissue and the institution of 
free drainage. This is usually best accomplished by suprapubic cysto- 
stomy , although, in women, the greater width of the urethra makes evacu- 
ation of the debris easier than is the case with men. As the patient is 
almost always profoundly septic, even before peritonitis sets in, suppor- 
tive measures are required to enable him to withstand the infection. 
Urinary antiseptics should be freely administered by mouth, the bladder 
irrigated through the cvstostomy opening, using the surgeon’s preferred 
antiseptic, and such aids as blood transfusion and subcutaneous infusion 
utilized if necessary. 
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Alkaline Encrusted Cystitis 

An extremely stubborn form of chronic cystitis quite frequently seen 
in women, particularly after childbirth, is alkaline encrusted cystitis 
(chronic alkaline phosphatic cystitis, calcareous cystitis). Its occur- 
rence in men is much less common. The disease is characterized by the 
appearance of whitish encrustations on the inflamed vesical mucosa or 
the surface of ulcers or tumors, and by the passage of gritty material in 
the urine. 

Etiology. The cause of these vesical deposits is not definitely estab- 
lished. Experimental work has shown, however, that the lesion is 
probably due to invasion of an already injured bladder by an organism — 
usually the Salmonella ammoniac — which has the ability to convert urea 
into ammonia, thereby causing an alkaline reaction of the urine. In 
this alkaline medium the inorganic salts of calcium, magnesium, and 
ammonium phosphate are precipitated. The crystals may be im- 
planted on any type of lesion: ulcerous, tuberculous, calculous, malig- 
nant, traumatic. Encrusted cystitis may follow an acute cystitis, but 
rarely does. The usual precursors are chronic cystitis, ulceration, tumor, 
calculus, urinary stasis due to obstruction, or vesical trauma incident to 
childbirth or pelvic operations in the female. 

Patients frequently give a history of previous figuration. In this 
regard, Randall and Campbell have recently suggested that, since salts 
do not attach themselves to living cells, and their deposition is enhanced 
by dead cells or fibrin, it may well be that the dead cells caused by 
electric destruction supply the necessary seed for the precipitation and 
encrustation of salts from the already alkaline urine — thus explaining 
the cause for encrustation in some patients with an alkaline urine and not 
in others. 

The Salmonella ammoniac, isolated by Hager and Magath, seems to be 
the organism chiefly productive of this lesion, but other organisms — 
particularly streptococci and colon bacilli — have been found in these 
cases by various investigators. 

Pathology. The lesions may affect only a small portion of the bladder 
surface, occurring usually about the trigone and ureteral orifices, or they 
may be generalized and cover the entire mucous membrane. Flat 
lesions, resembling a whitish membrane, are sometimes seen; but the 
more typical lesion is a whitish elevation of crystalline deposits attached 
to an ulcerated base. The lesion may involve only the mucosa, or the 
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ulceration and crystalline deposits may extend into the submucosa and 
even into the muscularis. 

Symptoms. The symptoms are those of ordinary cystitis, with, in 
addition, the passage of gritty material in the urine. In addition to the 
gritty deposits, the urine contains blood, mucus, and sometimes pus, 
and is usually strongly alkaline. A peculiarity 7 of the urine, which serves 
to differentiate this type of bladder inflammation from the commoner 
forms, is the large number of red blood cells and the relatively few pus 
cells. General symptoms are lacking. 

Diagnosis. The diagnosis is based upon the history, examination of 
the urine, and the cystoscopic picture. 

A history of frequency, dysuria, and the regular passage of gritty 
material, with a constantly alkaline urine, is pathognomonic of alkaline 
encrusted cystitis. 

Cystoscopically, the bladder presents patches of whitish encrustations 
firmly embedded in the mucous membrane or adhering to the surface of 
the underlying ulcer. The affected areas may be few and confined to 
the trigone or about the ureteral orifices, or the entire mucosa may 
appear to be covered with the crystalline deposits. When seen in pa- 
tients of cancer age, these elevated, tumor-like lesions may be taken 
for malignant neoplasms. Because of the intolerance of these patients 
to instrumentation, spinal or sacral anesthesia may be necessary 7 . 

Treatment. The treatment of these cases is admittedly unsatisfac- 
tory 7 , as this form of cystitis is rarely benefited by the methods effective 
in ordinary forms of bladder inflammation. 

Successful results have been achieved in some cases by 7 the introduction 
into the bladder of the Bacillus bulgaricus, followed by injections of mer- 
curic chloride, 1 : 20,000. This produces an acidity which destroys the 
alkalinixing bacilli, and when this has been accomplished, the original 
bladder lesion can usually be treated with some hope of success. The 
lactus bacillus is also used to acidify the bladder contents. 

Redewill has achieved considerable success by 7 treatment with a com- 
bination of parathyroid extract and a vitamm-A r6gime. 

Recently, good results have been achieved in some cases by the use of 
the sulfonamides. 

In extensive encrustations or rebellious cases, encouraging results have 
occasionally been obtained by 7 cystostomy with continuous bladder 
irrigation with a 1 per cent solution of acetic acid through the suprapubic 
tube. 



INJURIES AND DISEASES OP BLADDER 1013 

Surgical measures are curettage, through the female urethra or through 
a cystotomy incision, and fulguration. 

Local measures are of little permanent value, however, if there is a 
renal infection to rekindle the cystitis. An alkaline upper urinary tract, 
without infection, will also frustrate local therapeutic endeavors. To 
obtain a permanent cure in the more chronic and severe infections, with 
a highly alkaline urine, Randall and Campbell stress the importance of 
acidifying the entire urinary tract, regardless of the causative organism. 
Acidification of the urinary tract cannot be obtained by the oral adminis- 
tration of acidifying drugs or by acid-producing diets in the presence of an 
alkaline encrusted cystitis. Supplementary irrigations of the bladder 
and renal pelves with acid solutions are necessary' to secure an acid 
reaction, which may then be maintained by acidifying drugs. These 
authors have found phosphoric acid superior to acetic, lactic, and hydro- 
chloric acids for producing an acid medium. They recommend a 1 per 
cent solution for the bladder and a 2 per cent solution for the renal pelves. 
The renal pelves tolerate this solution well, but the bladder may at first 
rebel, in which case weaker adds, such as citric or acetic acid, are used 
to build up the tolerance of the bladder until solutions of phosphoric add 
up to 1 per cent are accepted. Ureteral catheterization is performed as 
soon as possible, and in the presence of an infected renal pelvis, or an 
alkaline urine, intermittent irrigations of the renal pelvis, with a I or 2 
per cent solution of phosphoric acid, are given. A severely infected 
pelvis is usually treated through an indwelling ureteral catheter with 
frequent irrigations for 24 hours or more. Randall and Campbell report 
excellent results by this method in the most stubborn cases, but warn that 
at times prolonged and repeated therapy is necessary to obtain a per- 
manent cure. 

We have had good results with the use of the following solution for 
irrigating the renal pelves and the bladder; 


Magnesium oxide anhydrous .. . ... 6.54 Gm. 

Citric add .1, HjO. 32.35 Gm. 

Distilled water to make 1,000 cc. 


Boil the solution 1 hour, then cool; boil another hour, then cool and make up to 1,000 cc. 
with sterile distilled water. 

Localized Submucous Fibrosis (Runner’s Ulcer) 

A bladder lesion of fairly frequent occurrence, especially’ in women, 
is localized submucous fibrosis — the “elusive” ulcer described by Hunner 
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in 1914 and so called because of the proneness of the symptoms and 
cystoscopic evidence of the ulcer to disappear and then recur. The lesion 
has been described under many other names — interstitial cystitis, pan- 
mural ulcerative cystitis, cystitis parenchymatosa, Hunner’s ulcer, sub- 
mucous ulcer, and paracystitis. 

Localized submucous fibrosis is a chronic inflammation of all layers of 
the bladder wall, characterized by hyperemia with minute superficial 
ulcerations of the mucosa and extensive edematous thickening, particu- 
larly of the submucosa. Cystoscopy, however, maj' reveal only a small 
abrasion upon the surface of the mucosa, usually in the free portion of 
the bladder, where it may easily be overlooked. The points of ulceration 
may be single or multiple. They bleed readily and, when touched, will 
be found to be exquisitely sensitive. With healing, there is the formation 
of a fibrous atrophic scar. The lesion is characterized by very trouble- 
some symptoms, absence of striking pathological urinary findings, and 
the presence of an “elusive” ulcer in the bladder. 

The condition is 3 to 4 times as common in women as in men. 

Etiology. The etiology is still obscure. Hunner attributed the lesion 
to a previous tonsillitis or other focal infection, which may have occurred 
a considerable time before the appearance of the bladder symptoms. 
Many others also believe it to be due to invasion of bacteria from distant 
foci. The toxin theory, however, does not explain all cases; nor does it 
explain the predominance of the disease in women. Some observers 
believe the fibrosis to be the outcome of a preceding acute cystitis or 
cystopyelitis, diseases which are more common in women than in men. 
A high percentage of patients give a history' of cystitis or pyelitis, but 
many others do not. The vesical lesion is frequently associated with 
granular urethritis, but this is by no means always the case. Hunner 
found ureteral stricture in one half of 102 patients, and believed this to 
be a factor. Specimens removed with a cystoscopic rongeur often prove 
to be negative on bacteriological cultivation, and in most cases the urine 
is microscopically and culturally negative. The relation of infection 
to the lesion is, therefore, still problematical. 

Other authors think it may be an embolic process. 

Fister has recently pointed out the striking similarity between the 
etiology, pathology, and symptomatology of submucous fibrosis and 
lupus erythematous. 

In some cases, at least, there appears to be a relationship between the 
ulcers and the glands of internal secretion. The symptoms are aug- 
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mented just prior to or during menstruation, and appear to be most 
severe in those who are undergoing changes due to a natural or artificial 
menopause. 

Pathology. The lesion has the characteristics of a chronic inflamma- 
tion. Grossly, the involved area of the bladder wall is thickened with 
edema. The thickening is most marked in the submucosa, but may ex- 
tend to the paravesical tissue and peritoneal reflection. In the center 
of the thickened area is a minute ulcer. The thickening is entirely out of 
proportion to the size of the ulcer or ulcers. 

Microscopically, the most extensive changes are those in the sub- 
mucosa, although all three layers of the bladder wall, and even the para- 
vesical tissues, may be involved. The lesions in the mucous membrane 
are secondary to those in the submucosa. 

Areas resected in early cases show a flattened, thinned-out epithelium, 
dilatation of the capillaries and lymphatics, and areas of fibrosis and 
round-cell infiltration in the submucosa. Round-cell infiltration is 
occasionally seen between the muscle bundles. There is loosening of the 
intermuscular tissue due to the edema. 

The ulcer-hearing area shows a loss of the epithelium. The ulceration 
may be so superficial that the basement membrane is unimpaired. Oc- 
casionally, the surface of the ulcer and surrounding mucosa are covered 
with fibrin containing many red blood cells. 

In the later stages there is proliferation of the submucosal connective 
tissue, resulting in contraction of the vesical wall and scar-formation. 

Symptoms. Localized submucous fibrosis is essentially a chronic 
disease. Most of the patients, when first seen, give a history of long 
duration of symptoms. 

The characteristic symptoms are pain on distention of the bladder and 
frequency of urination, with clear, usually sterile urine, and marked 
decrease of the bladder capacity. The symptoms are gradual in onset 
and intermittent at first, later becoming more constant. 

Pain is always the most obtrusive symptom. The pain, which is 
knife-like or stabbing, and frequently excruciating on accumulation of 
even 1 or 2 ounces of urine, is aggravated by walking or any undue move- 
ment, and sometimes even by intestinal peristalsis. The pain frequently 
takes the form of distressing pressure. It is usually suprapubic, but may 
be referred to the rectum, urethra, pelvis, perineum, or inguinal region 
on the side corresponding to the location of the ulcer. 

Frequency of urination varies greatly in severity and from time to 
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time. It is as great at night as during the day, and in advance cases uri- 
nation occurs every few minutes, so that the patient is almost incon- 
tinent and frequently becomes a nervous wreck. Many women com- 
plain that the frequency is more pronounced just before or during 
menstruation. 

The urine, in uncomplicated cases, is macroscopically clear and 
sparkling. Microscopically, it may show a few leukocytes and red blood 
cells. At the next examination, however, these may be absent, for the 
ulcer frequently heals over temporarily and will then give no evidence of 
its existence detectible by urinalysis. Occasionally our cultures have 
shown Bacillus coli communis, B. diphtheriae , staphylococci, and, once, 
Streptococcus hemolyticus , but in the great majority of cases the cultures 
are sterile. 

Intermittent hematuria is a fairly constant feature. It may be gross, 
varying from very slight amounts to the passage of bloody urine with 
clots, but more often it is microscopic in amount. 

Other fairly common symptoms are burning on urination, difficult 
urination, terminal strangury, backache, loss of weight, and extreme 
nervousness. 

The severity of the symptoms varies greatly from time to time, and 
temporary spontaneous relief from symptoms may occur. It is charac- 
teristic of these patients that they have consulted many physicians and 
have been subjected to many types of treatment — operative and other- 
wise — without relief or with only temporary benefit. 

Diagnosis. Localized submucous fibrosis is essentially a disease of 
adult life, and may occur at any period after youth. It is much more 
common in women than in men. The marital status appears to be a 
negligible factor. 

The diagnosis is made on the history, urinary findings, and cystoscopic 
appearance of the bladder. 

The symptomatic picture is frequently so characteristic that the diag- 
nosis can almost be made from it alone. A history of pain which is 
increased on distention of the bladder, marked frequency day and night 
and gradually decreasing capacity of the bladder, and frequent hema- 
turia on distention, associated with complete or almost complete ab- 
sence of pus in the urine and negative cultures, should always make one 
suspect localized submucous fibrosis. 

Cystoscopy should always be done, however, and frequent cystoscopic 
examinations may be necessary before the diagnosis is established. 
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The introduction of the cystoscope is extremely painful and may 
necessitate the use of spinal or sacral anesthesia. The vesical capacity 
is greatly diminished. The lesions are almost always in the mobile por- 
tion of the bladder, usually on the posterior or antero-posterior wall. 

The cystoscopic picture varies according to the duration of the lesion 
and the presence or absence of associated urinary-tract infection. Usu- 
ally, definite ulceration is seen. Sometimes all that can be perceived is a 
small abrasion of the mucosa; this, when touched, bleeds very easily, 
or it may be bleeding when it first comes within the range of vision. 
The usual cystoscopic finding is a circumscribed bright red area, varying 
in size from a few millimeters to 4 or 5 cm., which stands out in sharp con- 
trast to the normal mucosa. There is marked prominence of the ad- 
jacent vessels, with capillary dilatations. These areas may be single or 
multiple. If multiple, they may be widely separated or closely grouped, 
and may coalesce invisibly by way of the involved submucosa. The 
mucous membrane covering the affected area may be intact or may pre- 
sent a small superficial-appearing, exquisitely sensitive ulcer, varying 
in diameter from 2 to 5 mm. Sometimes the ulcer and the surrounding 
mucosa are covered with mucous or necrotic material. The mucous 
membrane of the bladder, except in the involved area, is normal. On 
distention of the bladder, the thinned-out mucous membrane or the ul- 
cerated surface will often crack, producing characteristic irregular bleed- 
ing points. The hemorrhage may be so profuse as to interfere with the 
cystoscopic examination. 

Not infrequently, one may see a dead-white fibrotic area with a small 
congested area in the immediate neighborhood which may begin to ooze 
blood on being touched. 

In more advanced cases there may be broad, irregular areas of inflam- 
mation, with generalized edema, hyperemia, and diffuse bleeding. The 
ulcers are deeper and granulating, and surrounded by irradiating folds of 
mucosa. In advanced cases, with marked vesical contraction, it may be 
difficult to differentiate this lesion from more common forms of inflam- 
mation and ulceration. 

Differential Diagnosis. Tuberculosis, the clinical course of which is 
quite similar, must be excluded by smears, cultures, guinea-pig inocula- 
tions, and urograms. Granular cysto-urethritis in women also gives a 
somewhat similar picture, but does not cause contraction of the 
bladder, and nocturia, which is a constant symptom in submucous fibro- 
sis, is absent. The two conditions frequently coexist, however. 

Prognosis. The percentage of cures reported by most authors is not 
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very encouraging- The immediate results of treatment in most cases 
are good, but recurrences are frequent. Symptoms may be relieved for 
many months or even for a year, only to recur. It is therefore neces- 
sary to follow a large number of cases for long periods in order to obtain 
an accurate idea of the prognosis. Almost all cases can be greatly im- 
proved, and cure is undoubtedly possible in many if treatment is per- 
sisted with. 

A follow-up of 47 patients by Crenshaw (1934) indicated that the 
end-results of various types of treatment may be considerably better 
than generally they are believed to be. This observer found that after 
5 to 25 years 34 of these 47 patients were cured or improved, and 13 
stationary or worse. Often, he found, a number of years elapsed after 
treatment, during which little or no treatment was given; at first improve- 
ment was slight but then the patients became entirely well. Whether 
these were spontaneous cures or late results of treatment is an interesting 
question. Crenshaw found nothing in this series to warrant the assump- 
tion that localized submucous fibrosis predisposes to renal disease or 
greatly influences the general health. 

Treatment. The treatment of localized submucous fibrosis is still 
a debatable question. 

Excision, if complete, effects a cure; but unless the entire involved area 
can be resected, recurrence takes place. Since the extent of the in- 
filtrated area is distinguishable only with the microscope, it is difficult to 
tell how much tissue to remove. Moreover, because of the markedly 
reduced size of the bladder, excision is contraindicated in many of these 
cases. Radical excision of the ulcer, with a margin of healthy tissue, 
is Hunner’s original treatment of this lesion, and was extensively used in 
the earlier years. Cures were reported in many cases, but in many 
others recurrences took place, and in recent years this method has been 
regarded as of questionable value by many urologists. There is still a 
place for excision, however, in certain of the cases which do not respond 
to less radical measures, and there is a growing tendency to believe 
that it should be done oftener in suitable cases. 

Of recent years, figuration has been considered by many urologists 
to be the method of choice for the treatment of submucous fibrosis, and 
the one to be tried first. Immediate and complete relief, lasting for 
variable periods of time, has been obtained in many cases, but the 
ultimate results as regards cure are not very gratifying. Following 
figuration, as with excision, recurrences have been frequent. To be 
oermanently effective, figuration must be thorough. Deep figuration 
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is neither necessary nor desirable, since it causes massive scarring and 
may result in rupture of the diseased bladder wall. Superficial fulgura- 
tion should be carried well beyond the limits of the affected area as 
observed through the cystoscope. Figuration is painful, and requires 
anesthetization — preferably spinal or sacral. Several treatments are 
necessary, and sometimes as many as 10 or 12. The treatment should be 
repeated every 3 or 4 weeks until the ulcer has completely disappeared. 
The need of additional fulguration should be governed by cystoscopic 
inspection rather than by the symptoms. 

Exceptionally, in verj' severe and stubborn cases, transplantation of 
the ureters is justified. 

Resection of the presacral nerve has been tried, but has not proved 
valuable, and has been largely abandoned. 

In cases associated with ureteral stricture, dilatation of the ureter alone 
has sometimes afforded relief. 

Temporary relief from the symptoms is obtained in many cases by topi- 
cal applications to the ulcer of corrosive substances such as silver nitrate 
or phenol, or by instillations of silver nitrate. Hydraulic distention of 
the bladder, under anesthesia, sometimes gives relief, but is only pallia- 
tive. It always causes some bleeding, and too forcible distention may 
cause rupture of the bladder. A few authors have reported immediate 
relief in a high percentage of their cases by the transvesical injection of 
absolute alcohol directly into and about the ulcers, but sufficient time 
has not elapsed to determine how lasting are the results of this method. 

Any evident foci of infection should be eradicated. General hygienic 
and tonic treatment of the patient is valuable in these cases. The 
irritability of the bladder is not, as a rule, greatly relieved by bladder 
irrigations or by a change in the reaction of the urine. 

There is a group of cases which do not respond to any of the above- 
mentioned methods of treatment. These are the cases associated with 
artificial or natural menopause. With this group we have had en- 
couraging results ninth the intramuscular injection of an alcoholic extract 
of polyglandular tissue (anterior pituitary, gonadal, adrenal). This is 
administered 2 or 3 times a week, depending upon the response to treat- 
ment. Bladder lavage is given daily, using a 1 : 5,000 solution of rivanol 
dextrose. 

Leukoplakia of the Bladder 

In leukoplakia of the bladder there is an epidermoid transformation of 
the normal mucous membrane, usually in isolated plaques, but in very' 
rare cases involving the entire mucosa. The characteristic dead-white, 
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lusterless appearance of the lesion, its smooth surface, and sharply de- 
fined border make it easily recognizable through the cystoscope. 

Vesical leukoplakia is rare (110 cases, Patch, 1929). It occurs more 
frequently in men than in women (3 to 1). 

Etiology. The etiology is unknown, but the lesion is thought to be an 
accompaniment of long-standing chronic cystitis. Factors that have 
been emphasized as being possibly etiological are: long-continued infec- 
tion, irritation due to calculus or foreign bodies, syphilis, tuberculosis, 
and trophic deficiencies. The occurrence of chronic cystitis with leuko- 
plakia of the bladder is emphasized by all authors. Bladder stone, 
although found occasionally, appears to be insignificant as a causative 
factor. No relationship has been established between vesical leuko- 
plakia and syphilis or tuberculosis. Some writers think it a congenital 
condition, and due to misplaced embryonal rests of the primitive ecto- 
derm, but this is certainly not true in all cases. 

Pathology. The pathological process is marked by proliferation and 
keratinization of the epithelium, which takes on a comified epidermoid 
character (Plate II). 

Symptoms. The symptoms are not characteristic. Dysuria, fre- 
quency, and pyuria are the most common complaints. Frequently the 
symptoms induced by a coexisting pathological condition in the bladder 
dominate the clinical picture. Practically all of the organisms found in 
bladder infections have been recovered from the urines of these patients. 
The urinary findings are interesting, however, in that patients frequently 
give a history of having passed “membranes” — large flakes of desqua- 
mated mucous membrane. 

Diagnosis. The cystoscopic picture is so characteristic that, having 
once been seen, its recognition is simple. Other proliferative lesions 
must be differentiated, and the only means of definite diagnosis is by 
examination of a biopsy specimen removed with the cystoscopic rongeur. 

Cystoscopic inspection in most cases shows irregular, dull white 
plaques with sharply defined borders, surrounded by normal or inflamed 
and ulcerated mucous membrane. The plaques may be small and few, 
or, exceptionally, the pathological process may invade practically the 
entire mucosa. No blood vessels are visible in the diseased areas. Any 
part of the bladder may be involved, but the base, including the trigone 
and neck, is the most common site. 

The disease may occur at any time of life (one case has been reported 
in a four-months-old infant) but appears to be most frequent in the 
third and fourth decades. 
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Prognosis. The prognosis is poor, particularly if the involvement is 
extensive, because the lesion is unbenefited by any known form of 
treatment. There is a popular belief that these lesions tend to degen- 
erate into squamous-cell carcinoma, but the published reports do not bear 
this out, only a few cases of their actual association having been re- 
ported. 

Treatment. The treatment of vesical leukoplakia is seldom satis- 
factory. Surgical excision of the diseased areas is advisable when 
possible. Since many of these lesions occur on the trigone or about the 
ureteral orifices, surgery is often inapplicable, however. Good results 
have been reported in some cases from high-frequency fulguration, the 
application of well-screened radium, and pure vitamin-A therapy. Vesi- 
cal irrigations and instillations with various drugs are sometimes bene- 
ficial, but only palliative. 

Malakoplakia of the Bladder 

Malakoplakia of the bladder is a very rare disease, characterized by 
soft, yellowish-gray patches on the vesical mucosa. It is more common 
in women than in men. Malakoplakia may also affect the ureters, renal 
pelves, and renal parenchyma. 

Etiology. Little is known of its etiology. The lesion is inflammatory 
in nature, and is believed by most observers to be a form of chronic cys- 
titis. The resemblance to tuberculous , lesions has frequently been re- 
marked. The colon bacillus has also been held responsible. 

Pathology. The lesions appear in the bladder as elevated, soft, con- 
fluent, yellowish nodules of varying sizes. They are usually surrounded 
by a hypcremic zone and are often ulcerated. Histologically, the lesion 
is characterized by the presence of large cells — theso-called malakoplakia. 
cells of Hansemann — which are believed to be phagocytes and contain 
bacteria, leukocytes, and peculiar cell inclusions called Mkhaelis-Gutt- 
mann bodies, The latter, which are also free in the tissues, contain iron 
and calcium. Accumulations of endothelial leukocytes occur and may 
confuse the observer, so that a bladder tumor may be suspected. 

Symptoms. Frequency of urination is the most prominent symptom. 
Hematuria is occasionally present. 

Diagnosis. The diagnosis is based on the finding of the characteristic 
Michaelis-Guttmann bodies on microscopic examination of tissue re- 
moved by means of the rongeur. 

Prognosis. The prognosis is much more favorable than that of leuko- 
plakia. 



1022 


CLINICAL UROLOGY 


Treatment. The treatment consists of frequent bladder irrigations, 
figuration of the nodules, or, in accessible lesions, excision. 

Gonorrhea of the Bladder 

Involvement of the bladder neck and trigone is a common complica- 
tion of gonococcal posterior urethritis, but a generalized cystitis is rare. 
The bladder involvement is an extension of the mucosal inflammation of 
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Fig. 225 Acute gonorrheal cystitis. (Christeller.) 


the posterior urethra. Subsequently the gonococcal trigonitis or cystitis 
changes to a mixed infection, staphylococci or other organisms being 
found with the gonococcus, which prepares the soil upon which these 
other types of pathogenic organisms find congenial conditions for growth. 
Chronic infections may take the form of granulations. 

Symptoms and Diagnosis. The symptoms are similar to those in other 
pyogenic infections of the bladder: frequency, with nocturia, dysuria, and 
pain in the bladder region. All three glasses in the three-gbss test will 
be cloudy and contain pus and organisms. 
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Treatment. The treatment of the posterior urethritis (p. 717) also 
takes care of the vesical condition as a rule. Chronic infections may re- 
quire local treatment, especially if granulations are present. 



Syphilis oj the Bladder 

Syphilis of the bladder manifests itself during the secondary and 
tertiary stages of the disease. The secondary manifestations, which 
take the form of macular, papular, and ulcerative lesions coincident with 
secondary exanthemata of the skin, are very rare. The tertiary lesions, 
which are always gummatous or papillomatous, are more common. 
Parasyphttitic affections of the bladder due to lues of the central nervous 
system are described under Neurogenic Lesions of the Bladder (p. 1084). 
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Incidence. There is no reliable consensus of opinion regarding the in- 
cidence of vesical syphilis. Numerous cases of secondary and tertiary 
luetic lesions have been reported, but Id none has the diagnosis been 
proved by demonstration of the Spirocluieta pallida. In most of the 
reported cases the diagnosis has been based on the presence of vesical 
lesions and one or more of the following clinical evidences of syphilis: 
a history of lues, a positive Wa$sermann reaction, the presence of second- 
ary skin manifestations, response to antisyphilitic medication. Many 
cases have been diagnosed solely on the basis of therapeutic response. In 
only a handful of instances have the lesions been subjected to micro- 
scopic study. 

For many years it was generally believed that the bladder escaped the 
invasion of syphilis. Authoritative writers (Morris Fournier, Guyon, 
Nogues, Desnos and Minet, Keyes, Morton) either pass over the subject 
in silence, or deny the existence of vesical syphilis, or display skepticism 
regarding the authenticity of the reported cases. Among the earlier 
writers conceding syphilis of the bladder are Morgagni, who, in 1767, 
described a postmortem specimen in a subject with undoubted luetic 
lesions elsewhere, and Follin (1649), Ricord (1851), Virchow (1859), and 
Vidal de Cassis, all of whom presented cases. Casper, in his LeJtrbuch 
iilr Urologie, states that he has never observed syphilitic ulceration of 
the bladder, but sees no reason why gummas cannot exist in this viscus. 
Legueu (1910) and'Hallopeau and Fouquet (1911) mention only rare 
tertiary lesions. 

Matzenauer (1900) appears to have been the first to use the cystoscope 
for the diagnosis of vesical syphilis. 

Duroeux, of Paris, in 1913 published the first extensive review of 
the scattered reports, and collected' 26 cases of tertiary vesical syphilis 
and 14 of secondary lesions, the majority of which had been recorded 
by French observers. However, prior to the discovery of the Wasscr- 
mann test and the use of the cystoscope, many cases of vesical lues un- 
doubtedly escaped recognition, so that this paucity of literature is more 
likely due to failure to recognize the lesion than to actual infrequency 
of occurrence. 

,Most of the reported lesions have been tertiary. However, the fre- 
quency of mucosal lesions in secondary syphilis would suggest the not 
uncommon involvement of the bladder mucous membrane at this stage 
of the infection. If every syphilitic were cystoscoped during the exan- 
thematous stage of the disease, it would undoubtedly be found that the 
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mucous membrane of the bladder is also commonly involved, even though 
there are no vesical symptoms. 

Pathology. The histopathology of syphilis of the bladder has not been 
studied very thoroughly. Finestone (1936) found that only 8 of the 
numerous contributors who have reported cases had subjected the 
lesions to microscopic study, and, of these, only one case, that of Levy 
and Tripoli (1933), presented evidence of typical syphilitic histopath- 
ology — endarteritis, perivascular lymphocytic infiltration, occasional 
multinucleated giant cells, and small areas of necrosis. Whether or not 
the lesions of vesical syphilis present a uniform or distinct syphilitic 
pathology is still to be determined. Many authors have emphasized the 
similarity of the papular vesical lesions to condylomata lata. 

In not a single reported case has the spirochete been found in either 
the lesions or in the sedimented urine. 

Symptoms. The symptoms are those of any vesical irritation: fre 
quency, dysuria, and sometimes hematuria. The milder secondary 
lesions are less likely to cause symptoms than the tertiary lesions. How 
ever, gummas can exist for long periods without giving symptoms refer- 
able to the urinary’ tract. 

Diagnosis. There is nothing characteristic about either the symptoms 
or the cystoscopic picture of vesical syphilis. 

Cystoscopically, the vesical manifestations of syphilis closely resemble 
lesions much more commonly seen in the bladder, such as hyperemia, 
simple ulcer, papilloma, tuberculous ulcer, and malignancy. 

The hyperemia of the secondary stage of syphilis, however, presents a 
roseola of the bladder, with scattered, discrete red spots — the so-called 
macules. Of the several forms which vesical syphilis may take, this is 
the only one that is pathognomonic. It may be symptomless. The 
secondary lesions may also take the form of a distinct papular eruption, 
with or without erosion or ulceration. 

The characteristic ulcer is like the specific ulcer on any mucous mem- 
brane: more or less elevated on an area of edematous and injected 
mucosa, the edges sharply defined, projecting, and firm, the base grayish, 
with necrotic or hemorrhagic debris. The ulcers are usually multiple 
and clustered, rarely disseminated, and are most often grouped about 
one or the other of the ureteral orifices (rarely both), where they may 
readily be mistaken for tuberculous ulcers, particularly if urinary symp- 
toms are present. 

In tertiary syphilis the most frequent type of vesical lesion is the 
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gumma. This is usually ulcerated, but tumefaction without ulceration 
occasionally occurs. The gummas may be single or multiple. Syphilitic 
papillomas also occur in the tertiary stage. When viewed through the 
cystoscope, there is nothing about syphilitic papillomas to differentiate 
them from benign papillomas. The same difficulty of recognition at- 
tends the gumma of tertiary syphilis. It is an infiltrating growth, 
which may readily be mistaken for a malignant neoplasm. 

Most frequently the lesions of vesical syphilis are situated on the tri- 
gone, about the ureteral orifices and sphincter. 

The diagnosis of vesical syphilis cannot, therefore, be made upon the 
cystoscopic findings alone. It must be supported by the following cor- 
roborative clinical findings: a previous history’ of lues, evidence of active 
syphilis elsewhere, a positive Wassermann reaction, response to antiluetic 
treatment. Microscopic examination of tissue should be done more 
often. 

Prognosis. If the lesion is recognized and treated, the prognosis is 
uniformly good. A few instances of recurrences have been reported, 
but these have usually' responded to repeated antiluetic treatment.- 

Treatment. The treatment is that of syphilis in general. 

Tuberculosis of the Bladder 

Tuberculosis of the bladder is probably always secondary to tubercu- 
losis of the kidneys or seminal tract. In the majority of cases the pri- 
mary focus is renal. From the patient’s point of view, however, the 
bladder involvement is likely to be of primary importance. The distress- 
ing vesical symptoms for relief of which he seeks medical aid are usually 
of far greater moment to him than the silent, relatively painless process 
going on in the kidney’ or in the seminal tract. Vesical involvement is a 
fairly late complication of a urinary or genital tuberculosis, and cystitis 
may be present for some time, even in a patient known to have tuberculo- 
sis in some organ outside the urogenital tract, before its real significance 
is appreciated. 

Mode of Infection. Involvement of the bladder secondary to a tuber- 
culous focus in the prostate and urethra apparently occurs by direct 
mucosal extension. In such cases the trigone is practically always the 
point of first attack. Invasion of the bladder mucosa by continuity' from 
a source in the upper urinary' tract also occurs, the first bladder lesions 
appearing about the ureteral orifice on the side of the affected kidney. 
In most cases, however, the vesical involvement appears to be due to the 
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planting of tubercle bacilli from infected urine directly on the vesical 
mucosa, the resistance of which has been lowered by continuous irritation 
by urine infected with tubercle bacilli. The earliest lesions are usually 
in the neighborhood of the ureteral orifice through which the infected 
urine enters the bladder. Whether or not the vesical infection is ever 
of hematogenous origin is a moot question. 

Pathology. The earliest pathological changes — edema and inflamma- 
tion of the mucous membrane— are seen about the orifices (Plate III). 
No bacilli or tubercles are found in these inflammatory areas, and they 
apparently constitute an early pre- ulceration stage of the inflammation. 

As the disease progresses, the lesions extend about the bladder in the 
form of a diffuse inflammation or, more frequently, as scattered, irregu- 
lar areas of granulations. Ulceration subsequently ensues, with the 
development of shallow, irregular ulcers having a hemorrhagic base. 
The exudate at the base contains many scattered tubercle bacilli. 
Tubcrclc-formation is not present at this stage. 

A slightly later stage is characterized by lymphocytic infiltration in- 
volving both the mucosa and submucosa. The edges of the ulcer are 
thickened and fibrous. The base is necrotic and invades the muscularis. 
Tubercles are sometimes found in these later stages. Ultimately the 
mucosa becomes ulcerated over large areas. Widespread ulceration, 
with infiltration and fibrosis of the bladder wall, results in marked con- 
traction of the bladder. Pericystitis with adhesions occurs. The ure- 
teral orifices become strictured and infiltration at the vesical neck causes 
rigidity. 

In other cases, tubercles appear in a rapidly progressive tuberculous 
infiltration of the entire bladder wall. 

As a rule, tubercles develop in the bladder only in cases of extended 
chronicity. 

Symptoms. Frequency of urination is the initial symptom, and is 
often the only symptom over a long period. If no secondary infection 
has been superimposed upon the tuberculous cystitis, it may be several 
months before slowly increasing pain on urination and nocturia direct the 
patient’s attention to his bladder. Pain is usually most severe at the 
end of urination, and, in the later stages, when there is a constant and 
urgent desire to urinate, is practically continuous and often agonizing. 

Slight, intermittent hematuria, imparting a reddish tinge to the urine, 
may be early in evidence. More profuse hemorrhage following micturi- 
tion usually implies ulceration of ‘the bladder. 
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In the later stages, the urine is heavily clouded, due to pus. 

Diagnosis. The diagnosis must rest on the demonstration of tubercle 
bacilli in the urine and the appearance of the bladder through the cysto- 
scope. Guinea-pig inoculation will often serve to clinch the diagnosis. 

A history of frequency, urgency, and dysuria, especially if associated 
with terminal hematuria, is suspicious. The presence of pus and the 
absence of the common pyogenic organisms by smear is strongly sugges- 
tive of tuberculosis, and calls for repeated search for acid-fast bacilli by 
staining of the urinary sediment, guinea-pig inoculation, and culture. 
Mixed infections are not uncommon, particularly in the later stages, so 
that the finding of common pyogenic organisms does not exclude tuber- 
culosis. 

Smears, properly stained, will show acid-fast organisms in a high 
percentage of positive cases. Doubtful cases, and all those in which 
acid-fast bacilli have been demonstrated, should be further examined by 
guinea-pig inoculation or culture. The smegma bacillus, commonly 
found in the male urethra, is also acid-fast. Although requiring more 
technical skill than the guinea-pig test, cultures are undoubtedly of value, 
especially when a report is desired in less than the 6 weeks usually re- 
quired for inoculation. 

In suspected cases, repeated examination of the bladder urine is neces- 
sary, since pus and organisms vary from day to day. 

Cystoscopy, in cases of tuberculosis of the bladder, is often very diffi- 
cult because of the contracted and supersensitive bladder. Thorough 
anesthetization is always necessary. 

The cystoscopic appearance of the mucous membrane may vary, ac- 
cording to the stage of the process, from a limited inflammatory areola 
adjacent to one ureter, to an extensive sloughing, ulcerative cystitis in 
the advanced stages. If secondary to renal involvement, the earliest 
lesion is usually around the ureteral orifice on the side of the involved kid- 
ney, and consists of hyperemia without tubercle-formation. If the infec- 
tion has existed for some time, tubercles may be in evidence. The 
tubercles appear as small, yellowish bodies with a hyperemic areola. 
They ultimately break down and then form irregular, varying-sized ulcers 
with undermined edges and ragged, dirty, yellowish bases. The ulcers 
may involve the trigone and the vesical orifice. If the vesical orifice is 
involved without the ureteral orifices, one immediately suspects that the 
lesion originated in the seminal tract and extends from the posterior 
urethra back into the bladder. The lesions may spread so that extensive 
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areas, including the dome of the bladder, arc Involved. In extensive ul- 
ceration, the entire musculature becomes infiltrated, the infiltration and 
subsequent fibrosis resulting in marked contraction of the bladder. 

In advanced vesical tuberculosis the effect upon the trigone is pecu- 
liarly characteristic. If the ulcers are deep and extensive, they will 
often undermine the edges of the trigone, so that the entire muscular 
structure stands up from the surrounding wall in a striking manner. 
The process may even advance so far as to “dissect” the trigone free from 
the vesical wall except for a frail attachment at the comers. 

Occasionally one sees in the same bladder tuberculous lesions in dif- 
ferent stages of development. 

Although the early lesions are most likely to be seen adjacent to the 
ureteral orifice expelling infected urine, it should be emphasized that this 
is not a constant finding. Occasionally areas of inflammation and ul- 
ceration are observed distant from the ureteral orifice expelling the in- 
fected urine, but with no evidence of inflammation about the orifice. 

In badly diseased bladders indigo-carmine is useful in locating in- 
visible ureteral orifices. 

Prognosis. If the source of the vesical infection (usually a tuberculous 
kidney) is removed, the bladder condition often heals rapidly, under the 
influence of various forms of treatment to be described in detail later. 
If, on the other hand, the original source of the disease is not eliminated, 
it is practically impossible to cure or even materially relieve a tuberculous 
cystitis. 

The prognosis, following removal of the source of infection in the upper 
urinary' tract or in the genital tract, depends in a large measure on the 
degree of vesical involvement. Cases with extensive ulceration, trabecu- 
lation, and contraction are the most unfavorable; but it is surprising how 
often even advanced lesions of the bladder will heal after nephrectomy*. 

In spite of nephrectomy and continuous postoperative treatment, 
some bladders refuse to heal. The usual course, in such cases, is damage 
to the remaining healthy kidney by the effects of back pressure due to 
contraction about the intramural portion of the ureter, and, ultimately, 
spread of the disease to the healthy ureter and remaining kidney. The 
sufferings of these patients may be materially’ relieved and their livee 
prolonged in some cases by cutaneous ureterostomy. 

Treatment. The ideal treatment of vesical tuberculosis is preventive, 
namely, early diagnosis and removal of the primary focus in the kidney 
or genital tract, before bladder involvement occurs. Because of the 
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frequent absence of symptoms in the earlier stages of renal and genital 
tuberculosis, such prevention is difficult, if not impossible, of accomplish- 
ment. 

Treatment of tuberculous cystitis consists in (1) eradication of the 
focus of infection, usually a tuberculous kidney, if possible, and (2) the 
placing of the patient upon a hygienic, dietary, physiotherapeutic, and 
medicinal regime directed to helping him build up resistance against 
tuberculosis, both generally and locally. 

Following nephrectomy, or ureteral occlusion resultingin auto-nephrec- 
tomy, or removal of an infectious focus in the genital tract, the tubercu- 
lous cystitis, if in the early stages, will often clear up promptly without 
further treatment other than rest. It has repeatedly been demonstrated 
that even severe cystitis may quickly heal once the continuous stream of 
infection has been permanently cut off. 

Unfortunately, however, interruption of the bacilH-laden urinary 
stream from the kidney to the bladder is not always followed immediately 
by alleviation of the vesical symptoms. The secondary' tuberculous 
lesions in the bladder may be so firmly established before removal of the 
primary focus that months or even years may be required for a regression 
of the bladder lesions. 

The treatment of patients with continued secondary vesical lesions, 
as well as those who are unsuited for surgery because of bilateral renal 
pathology or other adequate reasons, is described in detail under Treat- 
ment of Inoperable and Postoperative Urogenital Tuberculosis (p. 1196). 
Briefly, it consists of rest, fresh air, a special diet, vitamin therapy, tuber- 
culin in selected cases, quartz-light therapy externally and intravcsically, 
bladder instillations and irrigations, figuration of bladder ulcers, ure- 
teral dilatations, renal-pelvic lavages, and prostatic and seminal vesicu- 
lar treatments. 

Surgical measures for relief of the bladder symptoms are rarely in- 
dicated. However, in very' severe cases which have failed to yield to any 
other types of treatment, cutaneous ureterostomy may relieve the symp- 
toms and prolong the patient's life. 

Recently, Lazarus and others have found sub-erythema doses of x-ray 
therapy applied over the bladder definitely useful in alleviating pain. 

Bilharziasis 

Vesical bilharziasis is due to invasion of the parasite Schistosoma 
haematobium. It is very common in Egypt and other southern Mcditer- 
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ranean countries, Arabia, and South Africa. The infrequent cases seen 
in the United States are acquired in regions where the disease is endemic 
and imported into this country. 

Etiology and Pathogenesis. While there are several varieties of blood 
flukes closely related to S. haematobium , this type (the African blood 
fluke) has a predilection for the urinary organs and is therefore of special 



interest to urologists. Bilharz, in 1851, first identified this parasite with 
the disease. 

Schistosoma are unisexual, flat worms found in pairs, the slender, 
thread-like, brownish female lying in a groove on the ventral surface of 
the shorter, broader, whitish male. The mature male is about 15 mm. 
long, the female about 20 mm. 
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The larvae (cercariae) are the infective stage of the parasite. They 
enter the human body through the skin and mucous membranes and 
mature and mate in the portal vein. Thence the symbiotic pairs migrate 
to the small veins of the submucosa of the bladder, and may actually live 
in the pubic, vesical, and uterine plexuses. The eggs are deposited, for the 
most part, in the base of the bladder and terminal portion of the ureter, 
where they set up an irritation and produce the characteristic disease. 
The ova which pass through the mucosa are discharged in the urine. 
As they work through the tissues into the lumen, the}' develop a ciliated 
larva (miracidium). Upon coming into fresh water, the ova release these 
ciliated larvae, which are not infective to man and die in from 24 to 40 
hours unless they can penetrate to the interior of certain species of fresh- 
water snails, which are found only in certain localities. Having gained 
admission to the intermediate host, the larvae form sporocysts, which 
become the cercariae. These leave the snail and move by their flagel- 
lated tails toward the surface of the water. 

Pathology. The vesical lesion is a chronic granulomatosis, the result 
of infiltration of the tissues of the bladder wall with the mature worms 
and their ova and the subsequent tissue reaction. 

The lesions are usually limited to the trigone, ureteral orifices, and pos- 
terior wall of the bladder, but in far-advanced cases may involve the en- 
tire bladder. They most commonly affect the mucosa and submucosa, 
but may lie in the deeper vesical tissues. The mucosal and submucosal 
lesions are readily detected by cystoscopic inspection. If the eggs do 
not penetrate the mucosa, but remain in situ and become calcified, a 
“closed infection” results, with absence of clinical manifestations. Such 
cases can be diagnosed during life only by the roentgen ray. 

Widespread lesions, particularly if they involve the deep tissues, result 
in fibrosis, calcification, and contracture of the bladder. Urinar}' fistulas 
may occur. Obstruction of the ureteral orifices by the papillary granu- 
lations, which are usually found in this location, eventually results in 
renal complications. Detached portions of calcified or encrusted papil- 
lary' structure frequently act as nuclei for the formation of vesical calculi. 
Bilharzial carcinoma is not uncommon, and may resemble any of the 
ordinary forms of vesical carcinoma. 

Lesions similar to those in the bladder are commonly found in the 
ureter, particularly in its lower third, and less often in the renal pelvis, 
prostate, or seminal vesicle. 

Symptoms. Penetration of the skin by the cercariae may be followed 
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by intense pruritus and erythema, or may go unnoticed. Four or 5 
weeks later, toxic symptoms occur: malaise, fever, headache, and cough. 

The symptoms of bladder invasion may appear several weeks or months 
later, or may not manifest themselves for years. Often the urologist is 
first consulted 8 to 10 years after the original infestation, at which time 
ova are rarely present in the urine. 

Hematuria is the most prominent vesical symptom. It is usually 
slight in amount and terminal in character, and may be present for a long 
period without causing the patient any inconvenience or concern. In 
cases of gross ulceration, however, the bleeding may be profuse. Hema- 
turia does not occur if deep-seated (closed) lesions only are present. 

There may be slight urinary frequency and burning on micturition. 
With secondary infection and encrustation, the urinary distress is greatly 
increased. Symptoms of obstruction and renal deficiency arc frequent 
in advanced cases. 

In most cases the ova are discharged in the urine in great numbers and 
are easily detected in the centrifuged specimen. 

In milder cases, symptoms may be entirely absent. Such a case was 
that seen by Lowsley. The patient was a Norwegian woman who had 
lived in East Africa for several years, and had developed the disease but 
apparently been cured. Ten years after leaving Africa she was in- 
structed to report for cystoscopic observation merely as a check-up of her 
condition. She presented herself, symptom-free. Cystoscopic ex- 
amination revealed a congested area about 1 .5 cm. in diameter on 
the right wall of the bladder. This was elevated, slightly granular, but 
not ulcerated. Microscopic examination of a piece of tissue removed 
with the rongeur showed it to be completely filled with the ova. She 
was rapidly cured by intravenous administration of tartar emetic. 

Diagnosis. The diagnosis is made by finding the ova in the urine or, 
as in our case, in the tissue. The ova are ovoidal, slightly narrowed at 
one end, with a terminal spine attached to the narrow end. Cystoscopy 
and x-ray examination are important diagnostic aids. 

The mucosal and submucosal lesions are easily detected by the evsto- 
scope, and are readily identified by one familiar with the disease. Makar 
(1932) has given a very complete picture of various types of bilharzial 
lesions as seen through the cystoscope. The mucosal lesions may appear 
as one or another of the following: (1) slightly elevated patches of hypere- 
mia, the earliest change detectable by the cystoscope but in no way 
pathognomonic; (2) bilharzial tubercles — tiny, pale yellow granules 
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projecting slightly from the mucous membrane, and sometimes sur- 
rounded by a zone of hyperemia; (3) bilharzial nodules — grayish nodules 
that may coalesce to form a bilharzial node, which eventually may 
ulcerate or become calcified; (4) bilharzial ulcers, which, in uncomplicated 
cases, are generally small, single, and superficial, but, when due to 
secondary infection of bilharzial tubercles, may be extensive; (5) bilhar- 
zial papillomas — growths of varying sizes that resemble the ordinary 
vesical papilloma, may be single or multiple, are usually found on the 
posterior wall or at the ureteral orifices, and frequent!}' contain deposits 
of calcium salts. 

Submucosal infiltration with bilharzial ova produces tumor-like masses, 
which may be of considerable size and are usually located on the floor 
and the posterior wall of the bladder. The overlying mucous membrane 
may be normal or covered with tubercles, nodules, or papillomas. 
When the infiltration is in the deep vesical tissues only, the extent of the 
accompanying fibrosis and calcification cannot be studied cystoscopicallv. 
The mucosa, however, may be pale, avascular, and present a “ground- 
glass” appearance. There may be trabecula tions, hypertrophy of the 
wall, and marked contracture of the bladder. 

Afifi, in 1930 and again in 1934, called attention to the “cloud-like” 
shadows and calcified demarcations of the bladder and lower ureter in 
cases of long-standing bilharzia. The shadows, which are due to de- 
positions of calcified eggs in the mucous, submucous, and muscular 
layers of the affected organs, he regarded as highly suggestive of the 
disease, although chronic cystitis from other causes also may produce 
them. The calcified demarcations are caused by infiltration of the 
urinary tract by calcified eggs, and often appear in the roentgenogram 
as shadows of the density of osseus tissue which sometimes outline the 
bladder, ureter, or urethra. Afifi believed them to be pathognomonic. 

Prognosis. The prognosis in early and simple, uncomplicated cases 
is good. Advanced cases, with fibrosis, contracture, and complications, 
are serious problems. The parasites do not multiply in the human body, 
and the extent of the bladder involvement will therefore depend largely 
upon the severity of the initial infestation, the opportunity for repeated 
infestations, and the degree of secondary' infection. The parasites arc, 
however, long-lived, and may' exist as a sy’mbiotic pair in the bladder 
wall for years. 

Treatment. The treatment consists of intravenous injections of tartar 
emetic. The injections should be given on alternate days over a period 
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of 15 to 30 days, beginning with § grain and increasing by | grain until 
1\ grains are administered, and continuing thus. Usually a total of 20 
or 30 grains is adequate. A newer antimony compound — fouadin — 
injected intramuscularly, is preferred by some therapists. A 3 per cent 
solution of emetin hydrochloride is also effective. This is given in ^ to 
3-grain doses until 15 to 20 grains have been administered. 

These agents will kill the parasite and arrest the disease. Obstructing 
papillomas and ulcers, however, may require figuration before the 
symptoms are relieved. Ureteral, renal, and other complications require 
appropriate treatment. 

Echinococcus ( Hydatid) Disease of the Bladder 

Echinococcus disease of the urogenital tract is uncommon and is con- 
fined chiefly to the kidney (Echinococcus Disease of the Kidney, p. 1520). 
It is caused by a parasitic tapeworm, the Taenia echinococcus , which 
inhabits the alimentary tract of the dog. Its ova, containing hooked 
embryos, may invade the intestinal tract of man, whence the embryos 
occasionally are carried by the blood stream to the kidney. Here they 
develop into hydatid cysts, which may reach a considerable size. Within 
the primary or mother cyst are developed many daughter cysts. The 
daughter cysts or the hooklcts may pass down the ureter in the urine. 
They usually pass out of the bladder but in rare cases may be retained 
there. 

Actinomycosis 

Etiology. Actinomycotic infiltration of the bladder wall occasionally 
occurs. Actinomyces gain entrance to the body, as do other organisms, 
by being ingested or inhaled, or by direct penetration, usually through a 
cut or abrasion. The bladder is invaded either by extension from ad- 
jacent organs by continuity of tissue or— probably rarely — by a hema- 
togenous process from distant sites. 

Pathology. Microscopic examination shows granular tissue with cen- 
tral necrosis and, in the necrotic center, sulphur-yellow bodies consisting 
of compact masses of the my celia of the actinomyces (Actinomycosis of 
the Kidney, p. 1525). 

Symptoms and Diagnosis. There may be frequency, burning on uri- 
nation, and hematuria. Local symptoms are sometimes entirely lacking. 
The urine shows red blood cells, pus cells, and, occasionally, long fila- 
ments. The diagnosis is established by cultural examination of the 
urine as recommended by Shaw (1933) and by biopsy. 
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Cystoscopically, the vesical lesions resemble tuberculous ulceration. 

Prognosis. The prognosis is poor, since the disease is usually wide- 
spread by the time the vesical lesions are diagnosed. 

Treatment. The best results seem to have been obtained by the ad- 
ministration of high-voltage x-ray therapy externally and large doses of 
sodium iodide orally. 

Amebic Cystitis 

Amebae rarely invade the urinary tract. Ten cases of amebic cystitis 
were collected from the literature by Franchini in 1928, and 2 cases of 
Entameba histolytica infection of the bladder have since been reported 
(Van Duzen, 1935; F. D. Thomas, 1936). The amebae are believed to 
be transmitted to the bladder by the lymphatics or the blood stream from 
an initial source in the intestinal tract. A few observers believe that they 
may gain entrance through the urethra. 

Symptoms and Diagnosis. The most common symptoms are fre- 
quency, dysuria, pyuria, and terminal hematuria. The presence in the 
urine of Entaniebae histolytica is diagnostic. 

Cystoscopically, a portion of the bladder wall, usually in the trigonal 
region, will be found congested and covered with vesicular swellings 
varying in color from a pink to a deep red. The unaffected portion of 
the wall may be almost normal in appearance or diffusely reddened. 
There may be considerable hemorrhagic reaction about the cysts. 

Treatment. Treatment consists in the administration of emetin, 
which is specific. Local treatments, including fulguration, are merely 
palliative (Van Duzen). 

Trichomonas Vaginalis Infestation of the Bladder 

The Trichomonas vaginalis is an infrequent contarainator of the 
urinary' tract. Infestation of the bladder occasionally occurs, however, 
the organism being an invader from the vagina of the female. As might 
be expected, it is the female bladder which is most often involved, almost 
always in association with vaginitis due to the trichomonas. Very 
few cases of actual bladder infestation in the male have been recorded. 
A number of cases of trichomonas urethritis in the male have been re- 
ported, in most of which the organisms were demonstrated in the urine; 
but involvement of the bladder was not definitely mentioned. We our- 
selves have seen the organism in the urine of the male on several occa- 
sions. 
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Symptoms. Invasion of the bladder produces symptoms of cystitis 
of moderate degree: frequency, urgency, burning, and sometimes hema- 
turia and pyuria. In women, there is almost always an accompanying 
vaginal discharge and other gynecological symptoms. 

Diagnosis. The diagnosis is made by finding the organisms in the 
centrifuged urine or in the urethral or vaginal secretions. 

The appearance of the organism has been described under Trichomonas 
Infestation <?f the Male Urethra (p. 642). 

The cystoscopic picture, while not pathognomonic, is of considerable 
diagnostic value when taken in conjunction with the history’ and the 
findings of urinary and vaginal examination. It has been well described 
by Heckel, who cystoscopically examined 43 women suffering with 
Trichomonas vaginalis infection of the bladder and urethra. The lesions 
are usually confined to the trigone and vesical neck. The affected mu- 
cous membrane has a fluffy, granular appearance and may sometimes 
resemble bullous edema. In some cases the mucous membrane appears 
to be overlaid with a pearly’ white layer with sharply demarcated borders, 
surrounded by areas dotted with small, circumscribed, petechial hemor- 
rhages. In other cases, the pearly, granular appearance of the mucosa 
is limited to the internal urethral orifice, and the chief changes in the 
bladder can best be described as a “strawberry” trigone, in which the 
mucous membrane is rough and seedy in appearance and is the site of 
numerous, small, circumscribed hemorrhages. 

Prognosis. The infection clears up rapidly under proper treatment. 
Recurrences, while frequent, usually respond to repetition of the treat- 
ment. 

Treatment. Bladder irrigations, faithfully persisted in, are effective 
in most cases, although recurrence is common, especially if the infecting 
partner is not under control. Various solutions have been recommended: 
acriflavine; weak silver nitrate solutions; mercury' oxy’cy’anide, 1:4,000; 
daily’ irrigations with boric acid solution, followed by the instillation 
of 15 cc. of mercurochrome solution. 

T ttntors of the Bladder 

Few subjects in urology have received the extended consideration that 
during the past two decades has been given to vesical neoplasms. The 
introduction of fulguration (Beer, 1910), improvements in irradiation 
therapy, and progress in the clinico-pathological classification of bladder 
tumors have changed our conception of vesical growths and their treat- 
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ment, and inspired greater efforts toward their control. There is still, 
however, considerable confusion regarding the pathology, biology, and 
therapy of bladder tumors. 

The vesical neoplasm is a relatively common lesion, and one likely to 
be encountered by any one engaged in the practice of medicine. It 
therefore presents a problem in which every medical practitioner should 
take an active interest, whether he be specializing urologist or family 
doctor. 

Classification and Pathology. The majority of bladder tumors (95 per 
cent) are of epithelial origin. Sarcoma and the rare benign tumors of 
mesothelial and heterotopic origin make up the remainder. 

Ewing has stated that the natural history of epithelial tumors of the 
bladder is determined by the structure of its mucosa and the physical 
conditions to which it is exposed. The transitional character and glandu- 
lar properties account for the histological varieties of tumors arising 
from it. Thus, the superficial cells are largely squamous, while the 
deeper cells rapidly become polygonal, and in many cases deep-lying 
crypts (Brunn’s follicles) are present and show a lining of polygonal or 
columnar cells. Muscular activity and a constant bathing in fluid 
account for the villous form of the tumors. Multiplicity may be referred 
to ready diffusion of the irritants, which cause inflammatory' and then 
neoplastic overgrowth. 

Many attempts have been made to classify vesical neoplasms, none of 
which is satisfactory. 

The widely used grading of A. C. Broders, of the Mayo Clinic, is based 
on the probable degree of malignancy of a tumor. If a tumor shows a 
marked tendency to differentiate— that is, if about 100 to 75 per cent of 
its structure is differentiated epithelium, and 0 to 25 per cent undiffer- 
entiated, it is graded I; if the differentiation ranges from 75 to 50 per 
cent, and undifferentiation from 25 to 50 per cent, it is graded II; if the 
differentiation ranges from. 50 to 25 per cent, and undiffercntlation from 
50 to 75 per cent, it is graded III; if there is little or no tendency to 
differentiation, that is, if differentiation ranges from 25 per cent to prac- 
tically 0, and undifferentiation from 75 to 100 per cent, it is graded IV. 
This classification is extensively followed throughout the United States. 

In many clinics, however, pathologists and surgeons still prefer the 
older classification according to the hislopalhological structure of 
the tumor. 

At the Brady Foundation, in the New York Hospital, we more and 
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more incline to the belief that while man)' epithelial tumors of the bladder 
are undoubtedly benign, all such tumors are potentially malignant, and 
that whatever treatment be elected, we must bear in mind the necessity 
of providing against such future dangers. Clinically, we group vesical 
new growths as follows: 

1. Papilloma (benign); papillomatosis 

2. Papillary carcinoma 

3. Non-papillary (“solid”) tumors, with infiltration 

4. Adenocarcinoma and adenoma 

5. Mesoblastic tumors. 

a. Sarcoma 

b. Benign growths — fibroma, myoma, myxoma, angioma, etc. 

Papilloma: Papillomatosis. Fully 90 per cent of bladder tumors are 

papillary in character. Some are unquestionably benign, and may re- 
main so for many years; some are malignant from the start; while others 
become malignant after variable periods. The marked tendency of the 
so-called benign papilloma to become malignant, and the ill-defined de- 
marcation that exists between benign and malignant growths, have led 
most urologists and pathologists to regard all vesical papillomas as poten- 
tially malignant, even if, initially, they can he proved benign. 

Ordinarily the papilloma appears as a pedunculated villous or papil- 
lary growth arising from the mucous membrane, having a shaggy surface 
with out-cropping branches. A papilloma may be sessile, but this type 
is less frequent. Of the two types, the sessile tumors have a more 
noticeable limiting membrane about the cells, and the cells show a more 
active mitosis. Some papillomas have a wart-like and others an almost 
smooth surface. The size of the growths varies greatly. Some are 
small and may remain so over long periods. Both the pedunculated and 
the more malignant sessile tumors may attain considerable size. 

Papillary tumors may arise from any portion of the mucosal surface, 
but are generally found on the trigone or lateral walls, frequently around 
the ureteral orifices. 

In more than half of the cases the papillomas are multiple, and in some 
instances almost the entire wall is the seat of numerous villous outgrowths. 
The condition is then termed papillomatosis. Histologically, there is no 
difference between the single and the multiple forms. 

Microscopically, the typical simple papilloma shows multiple con- 
nective-tissue stalks containing thin-walled blood vessels; these are sur- 
rounded by an orderly arrangement of epithelial cells in one or more 
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layers, resembling the vesical epithelium. As a rule, a well-defined base- 
ment membrane separates the cells from the core. The epithelial cells, 
which are attached at right angles to the stalk, range from columnar to 
transitional, and are more or less uniform in size, shape, and staining 



Fig. 228. Multiple papillomas of the bladder involving the vesical orifice, the regions 
about both ureteral orifices, and the post-trigonal region. (Specimen from the collection 
of Dr. Legueu, H6pitale Necker, Paris.) 

properties. The superficial cells are largely of the squamous type, while 
the deeper cells are polygonal or columnar. Glandular or cystic forma- 
tions may be present, or an inflammatory process may cause a leukocytic 
invasion of the central stalk, but these should not be mistaken for 
malignancy. 

Evidences of malignancy are: variations in the size and shape of the 
cells, with nuclei staining more deeply and of odd shape; atypical mitoses 
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in the cells; giant cells; multinucieated cells; fusion of adjacent papillae; 
loss of orderly arrangement of the cells; breaking through of the base- 
ment membrane and infiltration of the stroma. 

Where there is no microscopic evidence of malignancy, the tumor is 
usually classed as "benign.” Benign and malignant papillomas may 
coexist in the same bladder. 

From the clinician’s standpoint, of more importance than fine distinc- 
tions in the grade of malignancy present is the question as to whether or 
not a tumor has infiltrated the surrounding tissues. 

Papillary Carcinoma. Papillary carcinoma is the papilloma with 
malignant infiltration at the base and in the underlying bladder wall. 
It is the most common type of vesical carcinoma. It may be polypoid 
in form, growing into the vesical cavity, or of the infiltrating type char- 
acterized by absence of a pedicle, greater infiltration of the bladder 
wall, and frequent ulceration. In early cases of papillary carcinoma 
there may be little to differentiate it from the papilloma generally 
regarded as benign— infiltration being evident only on microscopic exami- 
nation. In advanced cases, the marked ulceration and infiltration of the 
wall present a characteristic picture. The extensive necrosis may cause 
sloughing away of the papillary' portion, leaving only the infiltrated 
base surrounded by a fringe of exuberant tissue. 

Microscopically, the picture is that of malignant papilloma with infil- 
tration of the submucosa, musculature, and, sometimes, of the peri- 
vesical tissues. 

Flat Infiltrating Carcinoma ( Squamous Cell). The less common flat, 
infiltrating type of carcinoma takes the form of a sessile, comifying 
epithelium which projects but little into the vesical cavity but progresses 
laterally and invades the deeper tissues. From the beginning it is deeply 
and rapidly infiltrating. It is the most malignant of the vesical neo- 
plasms and is radioresistant. Grossly, it appears as a malignant ulcer 
with hard, everted, advancing borders. Microscopically, relatively 
thick connective tissue is seen between the cell nests, as distinguished 
from the papillary’ type of carcinoma. The cells progress along the 
surface of the bladder while simultaneously they invade the deeper 
laj-ers of the wall. The clusters of cells are of the squamous type, and 
become paler in color and larger as the center of the cell nest is ap- 
proached. At the center, epithelial pearl-formation is usually to be 
observed, and sometimes prickle cells are also in evidence. 

Leukoplakia (p. 1019) is commonly regarded as a precursor of 
squamous-cell carcinoma. 







Fic. 230. Papillary carcinoma of the Madder. Grade IT. The villi are somewhat thicker 
and atypical nuclei ate more numerous. X75. 

columnar. Adenocarcinoma may occur as a flat growth, showing exten- 
sive infiltration of the bladder wall, or it may have a thick pedicle and 
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project into the bladder as a pedunculated tumor, with marked induration 
of the tissues about its attachment. It always remains relatively fiat, 
however, and its rolled-over edge gives it a characteristic mushroom-like 






Fig. 232. Infiltrating carcinoma of the bladder. Grade IV. Xo papillary structure is 
in evidence. The cells are small, oval, or rounded, with hyperchromatic nuclei, and are 
scattered In the stroma or concentrated in small, irregular masses. X75. 


Adenomas of the bladder are very rare (24 cases to 1936, Chauvin). 
They arc usually located in the vicinity of the vesical neck or at the apex 
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of the bladder. The glandular structure of such tumors varies great!)'. 
Some are simple evaginations of the mucosa; some resemble adenoma 
of the prostate, and may arise from aberrant prostatic glands; some are 
composed of true mucous glands and are of tubular structure; others are 
cystic adenomas. They are usually small in size and sessile, though 
they may be pedunculated. Adenomas are benign. 

Sarcoma . Sarcoma of the bladder is rare. Albarran (1892), who had 
exceptional clinical facilities, observed 2 cases himself and collected 
reports of 51 others from the literature. McCarthy and Stepita (1929) 
collected 129 cases, and a number have since been reported. Sarcoma 
occurs most frequently in the very young or in the aged. Of 75 cases 
of bladder neoplasms in children, collected by Rathbun (1937), 42, or 
56 per cent, were sarcomas. 

The vesical sarcoma is a fast-growing tumor, arising, as a rule, on the 
lateral or posterior wall or on the base, including the vesical neck. It 
may diffusely invade the wall, or appear as a large polypoid or globular 
Intravesical growth, and cannot be differentiated grossly from carcinoma. 
Like all sarcomas, those found in the bladder are highly malignant and 
may quickly progress by direct extension to the neighboring viscera 
or even to the pelvic bones. AH organs, with the exception of the brain, 
have been recorded as being the site of metastatic growth. Sarcoma is 
regularly fatal, death being due, as a rule, to the toxic effects of the tumor 
or to urinary obstruction resulting from pressure of the enlarging growth 
upon the ureters or, less frequently, by closure of the urethral or ureteral 
orifices by the tumor’s exuberance. 

Microscopically, the structure varies, showing spindle-cell, round-cell, 
or mixed-cell masses through which course thin-walled blood vessels. 
Numerous cases of myxosarcoma and a few* of osteochondrosarcoma 
rhabdomyosarcoma, and leiomyosarcoma have been reported. 

Benign Mesoblastic Tumors. Benign mesoblastic tumors of the blad- 
der are rare. Histologically, they may be classified as follows: 

1. Fibroma 

2. Myoma 

a. Fibromyoma 

b. Leiomyoma 

c. Rhabdomyoma 

3. Myxoma 

4. Angioma; hemangioma 

5. Neurofibromatosis 
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Fibromas are most commonly located on the trigone or posterior wall, 
are slow-growing, and seldom produce symptoms unless they reach 
unusual size, when they may cause obstruction of the vesical orifice or 
pressure symptoms. Of the few authentic cases reported, the majority 
were discovered at operation for other causes or at autopsy. Like fibro- 
mas elsewhere, the vesical type is clinically benign, although malignant 
degeneration is possible. As they occur singly and are usually pedicled, 
the chance of successful removal is greater than with most vesical 
neoplasms 

Myomas, fibromyomas, leiomyomas, and rhabdomyomas of the bladder 
have been reported. Myoma of the bladder is histologically identical 
with uterine myoma. These tumors usually vary from the size of a 
pea to a weight of several grams, but tumors of extreme size have been 
reported (a myoma weighing 9,200 Gm,, Kresnetki; one weighing 3,200 
Gm., Polaiilon). Riegel’s patient’s bladder was filled with a huge 
myoma. Leiomyoma is a rare benign growth of the smooth muscle. It 
appears as a polypoid tumor, and may reach considerable size. Histo- 
logically, it consists of interlacing bundles of smooth muscle fibers with 
a stroma of connective tissue carrying the blood vessels. Its etiology 
and pathogenesis have been indefinitely explained on the basis of embry- 
onic rests. The more complex rhabdomyoma presents striated muscle, 
with a cell structure mostly of spindle-shaped cells of small size, varied 
by larger cells showing striated protoplasm, and many nuclei contained 
in a central space. It regularly appears early in life and may be regarded 
as a tumor peculiar to childhood. Only 3 or 4 cases of vesical rhabdo- 
myoma have been reported. 

Myxomas may form in the mucous membrane of the bladder at any 
period of life. In Rathbun’s series of 75 primary bladder tumors in 
infants and young children, 16 were myxomas. Ewing is authority for 
the statement that polypoid growths in the mucous membrane in any 
body cavity will usually be found to present many of the characteristics 
of myxomatous tumors. According to this author, they are chiefly 
edematous fibroadenomas, or inflammatory hyperplasias, containing 
little or no mucin. Earlier French writers, notably Albarran and Mal- 
herbe, claimed that true myxomas are very rarely found in the bladder, 
and that, even when found, pathologists would fail to agree as to their 
histological characteristics. Albarran noted that most of those reported 
in children were in female infants, and concluded that it was because 
they protruded through the relatively short urethra that they were more 
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often located in girls. These soft, smooth, and lobulated tumors seldom 
ulcerate. They are usually equipped with a pedicle and are regularly 
solitary. When exposed to the outside air, they shrink rapidly because 
of their gelatinous and crystalline structure. In situ, it is difficult to 
differentiate tumor tissue from the normal mucous membrane of the 
bladder wall. Under the microscope, the surface will appear covered 
with squamous epithelium, beneath which is a loose cellular structure 
carrying an abundance of good-sized vessels. 

Approximately 25 cases of hemangioma of the bladder have been 
reported. Macalpine (1930) reported 2 and reviewed 20 others, some 
of which lacked histological confirmation. Rathbun (1937) reported 
a case in a male infant and cited a personal communication from Judd, 
of the Mayo Clinic, relating to a girl 7 years old upon whom autopsy 
was performed, revealing a large hemangioma involving the rectum, 
sigmoid, and bladder. 

Neurofibromatosis (von Recklinghausen's disease) occasionally occurs 
in the bladder. Cases have been reported by Gerhard (1875), Krylieslies 
(1885), Steden (1923), Heuscb (1926), Heidler (1928), and Kass (1932). 
The disease is characterized by multiple connective-tissue tumors upon 
the nerve trunks, particularly of the cutaneous nerves. Its occurrence 
in cavities such as the bladder is unusual. The tumors are multiple, 
bean-sized, and usually located on the mucosa in the vicinity of the tri- 
gone and bladder neck. 

The etiology of neurofibromatosis is obscure. Many believe the 
disease to be congenital, even though it often does not manifest itself 
until adult life. 

Pathologically, these growths differ from ordinary fibromas only in 
that they always contain nerve fibrils. Symptoms are commonly absent, 
but obstruction of the bladder neck or ureteral orifices by the tumors 
may result in urinary difficulties or symptoms of hydronephrosis. Neu- 
rohbioma tosis of the skin or other structures may be present- Cysto- 
scopic inspection should give a good view of the shape, size, and number 
of the tumors, and should suggest the nature of the lesion even before 
biopsy is done. 

The treatment, in general, is that of other bladder growths, but depends 
on the number, size, and location of the tumors. 

Location of Bladder Tumors. Unfortunately, vesical tumors show a 
marked tendency to be situated on the bladder base. More than 75 
per cent (Report of Registry for Carcinoma of the Bladder, 1934) have 
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their origin on the trigone, lower portion of the lateral walls, or about the 
vesical neck, in which situations they are likely to involve the ureteral 
orifices or, less often, the urethral orifice. Even a small growth, if 
located near a ureteral orifice, may early cause disturbance of the upper 
urinary tract. Obstruction at the orifice may result in hydro-ureter 
or hydronephrosis. This emphasizes the importance of a complete uro- 
logical examination as soon as a tumor of the bladder is discovered. In 
many of these cases only a bilateral retrograde pyelogram will reveal 
the damage wrought by a comparatively innocent-looking nodule in 
the bladder. 

Bidden Tumors. A diverticulum may harbor a vesical tumor, and, 
when so placed, discover}' may be difficult. A tumor thus hidden away 
may be the cause of obscure hemorrhage. Heslin and .Milner (1938), 
reporting a case of primary carcinoma in a bladder diverticulum, found 
reports of 29 other authentic cases. Although not a common finding, 
the possibility of tumor should be considered and growths searched for 
in. all cases of diverticulum. 

In greatly trabeculated bladders it is possible for small tumors to be 
hidden away in the mucosal folds and thus escape detection. 

Tumors situated close to the urethral sphincter are often out of range 
of the ordinary cystoscope; and growths arising in the prostatic urethra, 
just outside the bladder, are certain to be overlooked unless a urethro- 
scope equipped with a .foroblique lens is utilized, so that this portion 
of the lower tract can be thoroughly scrutinized. 

Metastasis and Extension: Recurrence. Metastasis to the retro- 
peritoneal lymph nodes or to distant organs occurs late, and is more 
common in the flat, infiltrating squamous-ccll carcinomas than in papil- 
lary growths. Various statistics place the incidence of metastases at 
from 10 to 40 per cent of cases of vesical cancer. Metastases occur 
either by the lymphatic or hematogenous route, and have been observed 
in the bones, liver, lungs, regional nodes, and retroperitoneal nodes, but 
very rarely in the brain. - r 

Direct extension may occur to the prostate, pelvic tissues, or up the 
ureter toward the kidney. Extension to the rectum or vagina is un- 
common. Extension occurs late, and true cancerous cachexia from gen- 
eralized spread of the disease is rare. 

Recurrences are very frequent in all types of bladder tumor, and this 
tendency to recurrence offsets the advantages of late metastasis and the 
tendency of the tumors to remain confined within the bladder for con- 
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siderable periods. Following removal of a papilloma or papillary car- 
cinoma, there may be recurrence at the same site or elsewhere in the 
bladder. The removal of a benign papilloma may be followed by the 
development of a papillary carcinoma at the same site, or by a diffuse 
involvement of the entire mucosal surface. Secondary deposits are 
likely to occur where the mucosa comes in contact with malignant areas 
when the bladder is relaxed and more or less folded upon itself. 

Complications. The complications of tumors of the bladder are hem- 
orrhage with anemia, cystitis and pericystitis, hydronephrosis and 
pyonephrosis from ureteral obstruction and infection, and septicemia. 
Frequently death occurs not from the bladder tumor itself but from 
urosepsis following obstruction of the ureter and pyonephrosis. 

Sex and Age Incidence. In all tumors of the bladder, whether benign 
or malignant, there appears to be a marked preponderance of occurrence 
in the male sex (4 to 1, Lazarus and Rosenthal, and Beer; 2 to 1 in infants, 
5 to 1 in adults, Deming; 3 to 1 carcinoma, Rauenbusch; 3 to 1, sar- 
coma, Rabson). 

Epithelial growths may arise at any period of life, but are very rare 
in children and most common after middle life, especially in the sixth 
decade. While all types of tumors have been recorded as occurring in 
children, over one-half have been sarcomas. 

Etiology of Bladder Tumors. Little is known regarding the origin of 
bladder tumors. The most commonly held theory is that continued 
irritation is an important causal factor in their production. There is 
a well-founded suspicion in the minds of many observers that chronic 
cystitis, especially the encrusted variety, disposes to the growth of 
vesical tumors; and the same is true of vesical calculus. The likelihood 
of carcinoma forming in an exstrophied bladder, where the mucous 
membrane is subjected to extraordinary exposure, is well recognized. 
Stoerk, Cahen, and others have traced a definite relation between cystitis 
cystica and multiple papilloma; and Ewing is of the opinion that the 
tendency to multiplicity of villous carcinoma and the heterotopic recur- 
rences indicate the existence of widespread lesions in the mucosa, from 
which tumors may develop. Bilharzial infestation has been shown by 
numerous observers to favor the development of vesical tumors — both 
carcinoma and sarcoma — the tumor apparently being superimposed 
upon the bilharzial lesion. 

The frequency of cystitis, papilloma, carcinoma, and even sarcoma 
among workers exposed to aniline and certain other chemicals has been 



INJURIES AND DISEASES OE BLADDER 1051 

pointed out and investigated by a large number of workers. Interesting 
observations, made during routine cystoscopic examination of men 
exposed to the fumes of aniline dyes, have been published hy those in 
charge of the medical supervision of employees of the Dupont interests 
at Wilmington, Delaware. From other plants where dyes are handled 
have come reports that measures to prevent workers from being exposed 
to the irritating fumes have markedly reduced the incidence of bladder 
tumors. Vesical papilloma and papillary carcinoma have been produced 
experimentally in animals exposed for long periods to irritating fumes, 
such as those of naphthylamine. Gehrmann, Wolfe, Evans, and others 
found tumors of the bladder as an occupational disease in workers ex- 
posed to benzidine, alphanaphthylamine, betanaphthylamine, and other 
nitro and amino compounds, but not in those exposed to aniline. Con- 
stant exposure to the carcinogenic agent appears to be the important 
factor in the development of bladder tumor and of multiple papilloma- 
tosis; but thus far, neither the carcinogenic agent nor the mechanism 
of action in the production of the tumors has been shown. Evans, in an 
analysis of 85 cases, found that the majority of the tumors appear after 
from 6 to 20 years of exposure, the average time being 12 years; and that 
while the incidence is higher in persons from 40 to 60 years of age, an 
appreciable number occur in those from 30 to 40 years. No particular 
portion of the bladder appears to be especially susceptible, but, as with 
vesical tumors in general, a large proportion are found in the vicinity of 
the ureteral orifices. In other cases, a diffuse papillomatosis is present. 
The majority of so-called “aniline tumors” are malignant. The histology, 
symptoms, and treatments of these tumors do not differ from those of 
other vesical neoplasms. 

Kirwin has recently advanced the interesting theory that papilloma- 
tosis of the bladder is due to a filterable virus — a concept that he bases on 
the work of Wile and Kingery (f9f9) on the etiology of common warts, 
and on the later investigations of Beard and his coworkers on the etiology 
of the so-called “Shope rabbit papilloma,” a growth known to be caused 
by a virus. 

Wile and Kingery obtained typical lesions of verucca at the point where 
they injected a filtrate made from curetted wart material, and concluded 
that these results definitely showed that such changes can be caused by 
a filterable virus, and that “when trauma and foreign bodies apparently 
are present as exciting factors, they may merely represent the point of 
entrance of an infectious auent.” Vesical papillomas Have much in com- 
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mon with warts upon the cutaneous surface; and the empty bladder lies 
in folds everywhere apposed, so that it presents ideal conditions for con- 
tact infection could it be established that these neoplasms have an infec- 
tious origin. 

In 1934, Rous and Beard, studying the etiology of the virus-induced 
rabbit papilloma at the Rockefeller Institute, observed: “Implantation 
growths of the papilloma in favorable hosts have the morphology of 
epidermoid tumors of greater or less malignancy. They behave as these 
do and elidt similar changes in the surrounding tissue.” Two years 
later, Rous, Beard, and Kidd, after further investigations, stated posi- 
tively that “the virus-induced papilloma is not only a neoplasm in its 
immediate aspect and habit, but sometimes one that verges on malig- 
nancy.” Recently, Beard and his coworkers at Duke University have 
succeeded in demonstrating that a “specific material” exhibiting the 
biological characteristics of the virus responsible for rabbit papilloma 
could be obtained from extracts made from the growths themselves. 

Kirwin feels that the findings of these two groups of investigators on the 
etiology of common warts and the so-called “rabbit papilloma” lend 
strong support to his belief that bladder papillomatosis may be due to a 
filterable virus. 

Symptoms. The symptoms of bladder tumor are in no way pathog- 
nomonic. Hematuria, which is usually painless, is the initial symptom 
in over 80 per cent of cases, and may long remain the only symptom. 
As this is common to many urological conditions, it emphasizes the great 
importance of making an early and thorough cystoscopic examination 
of ever)' patient with blood in the urine. Kretschmer, analyzing the 
cause of hematuria in 933 cases, found the bleeding to be due to bladder 
lesions in 307 patients, more than 75 per cent of whom had tumor. 
Bleeding is usually intermittent, but in a small number of cases is con- 
stant. The hematuria may be very slight, or the urine may be grossly 
bloody. 

In papillary tumors the bleeding is more likely to occur early in the 
disease than in the solid infiltrating carcinomas. The rare benign non- 
papillary tumors do not, as a rule, produce hematuria until late. Even 
when such a tumor is attacked by erosion and ulceration, the bleeding 
is usually negligible until the lesion is far advanced. By their size and 
location, however, these tumors may cause symptoms of urinary 
obstruction. 

Urinary difficulties, such as frequency, urgency, tenesmus, and drib- 
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bling, due to an associated cystitis or encroachment of the urethral 
orifice by the tumor, are not uncommon complaints; these, however, 
usually occur later than hematuria. Growths located near the internal 
sphincter or upon the trigone cause urinary disturbances much sooner 
than tumors upon the posterior or anterior wall. 

Occasionally the earliest symptoms are referable to the kidneys, due 
to the common involvement of one or both ureteral orifices in the patho- 
logical process. Impairment of renal function is present in about a 
third of the cases. 

Diagnosis. The chief steps in the making of a diagnosis of bladder 
tumor are: (1) the history, (2) physical examination, (3) cystoscopy, 
(4) cystography, (S) biopsy, (6) study of the pathologist's report and 
determination of the type of tumor. 

The history should be carefully elicited. Age and sex have a certain 
bearing, for bladder tumors are seen most often between the ages of 45 
and 60 years, and are 4 times as frequent in men as in women. Previous 
residence in a tropical country where bilharziasis is prevalent, or 
prolonged contact with synthetic dyes or certain chemicals may be 
significant. 

The physical examination is important, for the existence of complica- 
tions elsewhere in the body will influence the choice of treatment should 
vesical tumor be found. Bimanual palpation should never be neglected. 
Rectal or vaginal examination may reveal infiltration of the bladder wall 
which the cystoscope fails to show. 

Cystoscopic examination is the most important procedure in the diag- 
nosis of bladder tumor. The ordinary cystoscopic examination, however, 
is often misleading. Though the foroblique lens system helps to show 
the tumor in its actual proportions and in proper relation to surrounding 
structures, no urologist should consider himself properly equipped unless 
he can also command a retrograde and a right-angle lens system, enabling 
him to view the tumor in all its aspects. 

The bladder will not infrequently be so contracted or irritable, or the 
field so obscured by bleeding, that a good cystoscopic view is impossible. 

Cystoscopy enables one to establish (1) the source of the hematuria, 
(2) the presence or absence of tumors of the bladder, (3) the number, 
location, and character of the tumors. It also enables one to secure a 
specimen from the tumor for microscopic study. 

In most cases the cystoscopic picture of vesical neoplasm is unmis- 
takable (Plate IV). The cystoscopist should familiarize himself with 
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the appearance and pathological characteristics of the various t>pes of 
bladder neoplasms. This can be attained only by constant practice 
and -wide experience, but from the outset it should be the aim of all who 
attempt the treatment of bladder tumors. 

Papillomas are more often multiple than single, but there is no fixed 
rule. The typical papilloma appears as a fine, branching tendril attached 
by a delicate pedicle to the bladder wall— usually the lower lateral or 
posterior wall. The delicate grayish-pink branches float about in the 
irrigating fluid, giving an appearance of seaweed or a branching plant. 



The resemblance to seaweed is further enhanced by the fine capillaries 
which can be seen coursing through the fronds. The papillary' fronds 
are usually pointed, unless there is associated cystitis, when they may 
be edematous and rounded or even necrotic. Other types of papilloma 
are the firmer, less branching “raspberry” growth, which is attached to 
the wall by a broader pedicle, and the distinctly sessile tumor with a 
broad base but without infiltration of thebaseor adjacent vesical mucosa. 

The pedicle of a carcinoma and the adjacent bladder wall are regularly 
infiltrated — an important diagnostic point \vhen differentiating between 
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benign and malignant growths. It is not always possible to view the 
base o! the papilla, however, nor to determine the presence or absence 
of infiltration. 

Flat, infiltrating tumors are also seen. The surrounding mucosa will 
be thickened and trabeculated, and the whole aspect of the neoplasm 
nodular, presenting a solid, fleshy appearance quite different from the 
delicate branching fronds of the typical papilloma. 

Adenocarcinomatous tumors, which are more solid, may yet be partly 
papillary, and under such circumstances the basal infiltration will be 
more plainly evident. Again, the picture may be one of encrusted 
ulceration, with extensive granulation or a film of mucopus. There 
may be several such areas, interspersed over a red and angry-lookmg 
mucosa. 

One cannot interpret the cystoscopic picture correctly between a benign 
papilloma and one of low-grade malignancy. Between the character- 
istic benign papillary’ growths and the frankly malignant tumors is a 
host of borderline cases, showing various gradations and mergings of the 
papillary and solid forms. Even the most expert may find it hard to 
estimate the relative malignancy of some of these, and recourse should 
be had to all the diagnostic aids at the urologist’s command. 

The cystoscopic appearance of the rarer non-cpithelial tumors repre- 
sents an almost infinite variety. The benign non-papillary tumors may 
reach considerable size before producing symptoms, and rarely show 
necrosis and hemorrhage until late. The rare sarcomas developing in 
older people may seldom be differentiated cystoscopically from carcino- 
matous tumors. If a glistening, shiny, and smooth neoplasm is seen, 
a mesothelial tumor should be suspected. 

A few well-recognized vesical lesions may closely simulate the cysto- 
scopic appearance of neoplasm: bullous edema, tuberculosis, tertiary 
syphilis, and ulcerative and granulomatouslesions associated with chronic 
infections. Encrusted phosphatic cystitis may simulate infiltrating 
carcinoma. 

Cystography , by revealing any filling defects or irregularities in the 
outline of the bladder, gives valuable information regarding the location 
and extent of the tumor in cases where cystoscopy is impossible; or it 
may confirm the cystoscopic findings. At the Brady Foundation, in 
the New York Hospital, both umbrathor and diodrast are used as con- 
trast media. TJmbratbor (p. 173), which is flocculated as a surface coating 
upon the mucosal lining, gives an especially good relief picture of any 
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irregularities in the outline of the bladder shadow. Cystography is also 
useful in showing the degree of infiltration of the wall. The normal 
portion of the wall distends smoothly and evenly; but the infiltrated 
portion does not distend, an indentation appears, or this portion will 
be seen closer to the median line. On the other hand, a papillary growth 
which has not infiltrated the wall permits distention of the underlying 
wall and, at the same time, projects into the vesical cavity. In such 
cases the bladder outline may be spherical. 

Vesical neoplasms can also be differentiated by the roentgen rays 
after filling the bladder with air. Cystography, or pneumocystography, 
is particularly valuable when the urethra is obstructed, or when hemor- 
rhage is so severe that cystoscopy is impossible. It also serves to amplify 
and confirm the cystoscopic findings. 

A biopsy specimen is secured with a cystoscopic rongeur, such as the 
Lowsley or Kirwin rongeur, and subjected to histological study, to 
determine the structure of the tumor and its grade of malignancy r. The 
specimen should preferably be taken from near the base of the tumor. 
One part of a growth is not always typical of the entire growth. A 
specimen taken from a tendril of a papillary tumor, with no portion of 
the tumor base included, may show only benign changes; whereas exami- 
nation of a specimen from the base or pedicle, or from another tendril 
of the same growth, may show definite cell atypism and malignant 
infiltration. Where doubt as to the extent and degree of malignancy 
exists, therefore, several sections should be taken from as widely sepa- 
rated areas as possible. 

In the presence of excessive hemorrhage, preliminary cauterization 
will help to clear the field, without complicating any later procedure, 
since treatment, in any event, must be applied to the base of the tumor. 

The pathologist’s findings should be carefully correlated with those 
of the physical examination, cystoscopy, and cystography, in order to 
select the method of treatment best suited to the particular case under 
consideration — whether by surgery, diathermy, irradiation, or a com- 
bination of these methods. 

Prognosis. The prognosis of any form of bladder tumor cannot be 
regarded as cheerful, though many instances of apparent cure arc on 
record. The early benign growths are easily removed as a rule, but they 
recur with discouraging frequency, either at the site of the original tumor 
or at another site, and these recurrences are more than likely to prove 
malignant. The unfavorable results in cases of vesical tumor are due 
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largely to late diagnosis and this tendency to recurrence following 
removal. 

The prognosis of malignant tumors depends upon the size and location 
of the growth and the extent of infiltration. A small tumor of low-grade 
malignancy involving a ureteral orifice may already have caused destruc- 
tion of a kidney when the patient is first seen; whereas a larger tumor 
of a higher grade of malignancy, located higher up on the lateral wall, 
where it does not involve the ureter, may be radically excised with a 
good chance of cure. Deeply infiltrating solid growths are rarely cured 
except by wide excision or total cystectomy. Malignant papillary 
tumors may recur in the form of flat carcinomas. With sarcoma, the 
prognosis is always extremely grave, very few of these patients surviving 
for any length of time, no matter what the treatment administered. 

Treatment. The treatment of vesical tumors, either by surgery or 
radiotherapy, is admittedly unsatisfactory. The various methods in 
present use are based on three distinct types of treatment: surgery', 
fulguration or removal with the resectoscope, and radium or x-ray ir- 
radiation. 

Because of the great variety and disposition of bladder tumors, it is 
impossible for the therapist to limit himself to one method of treatment 
in all bladder growths. No one agent or method is applicable to all 
cases. The number, location, histological structure, and stage of ad- 
vancement of the tumor all influence the choice of treatment; and only 
careful study of all the findings of examination in a given case, and 
familiarity with the various methods of approach, will enable one to 
choose wisely the method best suited to the particular case under 
consideration. 

For benign papilloma, fulguration through the cystoscope or through 
a cystotomy wound has been the standard method of treatment, but 
recurrences have been discouragingly frequent. 

In accordance with his theory that vesical papillomatosis is an infec- 
tious condition, Kinvin has of late treated a number of these cases by ex- 
cision of the growths with the wire-loop electrode, cauterization of the 
bases with the ball electrode, and sterilization of the bladder mucosa 
by the application of a 50 per cent solution of phenol in glycerine, fol- 
lowed by alcohol 95 per cent, when the phenol solution has been in con- 
tact with the mucosa for about 3 minutes (see p. 1 146). In the few cases 
in which this method has been employed to date, the results have been 
definitely superior to those achieved by the older methods. 
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The majority of malignant tumors and the so-called “borderline cases” 
are probably best treated by one of the following methods: 

(1) Suprapubic radical resection of the tumor (sometimes with im- 

plantation of a ureter higher up on the bladder wall or into 
the skin): 

(a) by scalpel ( using damps), followed by deep x-ray therapy 

(b) by cautery knife, with radon implantation before the wound 
is closed 

(2) Fulguration by loop, ball, and disc electrodes through a supra- 

pubic incision, followed by implantation of radon seeds 

(3) Closed method: removal of the exuberant portion of the growth 

by the resectoscope, followed by transurethral implantation 
of radon seeds and, in some cases, external x-ray therapy 

(4) Total cystectomy, with transplantation of the ureters 

(a) into the skin of the loin or groin 

(b) into the bowel 

Small, superficial papillary' carcinomas with little or no infiltration 
often can be treated by transurethral electrocoagulation of the exuberant 
portion of the growth, followed by transurethral implantation of radon 
seeds. The Kirwin or other resectoscope may be used for the removal 
of the body of the tumor, or simple fulguration may be employed. The 
important feature is the removal of the projecting mass, so that the base 
may be fully exposed for radon implantation. Kirwin has designed a 
measuring instrument, to determine the dimensions of the tumor to be 
treated, and also an implanter, by means of which radon seeds may 
readily be introduced into bladder tumors by either open or endoscopic 
routes (Radium and Roentgen-Ray Therapy of the Genito-Urinary 
Tract, p. 1751). 

For papillary carcinoma with definite infiltration, and for solid, deeply 
infiltrating carcinoma, complete surgical excision of the tumor, when 
possible, is the treatment of choice. Because an electric wound in the 
bladder wall does not heal well, we think it wiser to excise a bladder 
tumor with a scalpel, cauterizing the surface with carbolic acid followed 
by alcohol, rather than to use the electrocautery for excision. There 
arc others, however, who prefer the electric knife. Involvement of a 
ureteral orifice may necessitate implantation of the ureter to a place 
higher up on the bladder wall or into the skin of the loin or groin. 

If an infiltrating tumor is not surgically removable, it should be treated 
by removal of the exuberant portion of the tumor by the loop electrode, 
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through a suprapubic incision, followed by the implantation of radon 
seeds. After the tumor mass has been scraped away by means of the 
loop electrode, the disc electrode is applied to the exposed base, thus 
leaving a smooth surface into which radon seeds can be introduced with 
a minimum of effort. 

Total cystectomy and bilateral ureteral transplantation is sometimes 
advisable in papillomatosis that cannot be controlled by figuration, 
and in extensive tumors in the lower bladder segment involving the ure- 
teral orifice or the urethra, providing the patient has satisfactory kidney 
function and a normal ureter and pelvis on one side at least, and is 
proved free of metastasis. The ureters are transplanted to the bowel 
or to the skin of the loin or groin. 

Tumors of a diverticulum are best handled by surgery (Figs. 246 
to 248). 

While the use of radium and roentgen-ray therapy has proved a 
valuable adjunct to other methods employed in combating bladder 
tumors, irradiation therapy alone has not been satisfactory. This is 
admitted by practically all therapists. External roentgen-ray therapy 
has a certain usefulness (1) in the control of symptoms after operation, 
(2) in inhibiting the growth of new tumors of low grading after opera- 
tion, (3) in controlling persistent and annoying hemorrhage. Used 
preoperatively, it may be that x-ray therapy shuts off the lymphatic 
and vascular supply, so that, at operation, there is a better chance of 
extirpation of the malignancy. 

These various procedures are discussed under Resection of the Bladder 
Wall for Malignant Tumor (p. 1106); Figuration of Bladder Tumors 
(p. 1146); Radium and Roentgen-Ray Therapy of the Genito-Urinary 
Tract (p. 1750). 

Bladder Tumors Originating in the Urachus 

A distinction should be made between the more commonly seen papil- 
lary and solid tumors of the bladder and the rare colloid adenocarcinoma, 
found in the vault of the bladder, which arises from the epithelium of the 
urachal canal. As pointed out by Begg, of New Zealand (1930), the 
importance of making this differentiation “lies in the consideration that 
what presents itself under the guise of bladder tumor is in reality not a 
bladder tumor at all, and any attempt to treat it as such by the usual 
methods — figuration, radium, etc. — is predestined to failure; whereas ' 
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early recognition of the true condition offers the patient at least a hope 
of effective cure by surgical means." 

Pathology. Most of the tumors seen at the apex of the bladder are 
adenomatous or adenocarcinomatous in type. When viewed through the 
cystoscope, they are taken for the more commonly occurring papillomas; 
but the pathologist, on examining the excised specimen, will find it to 
have undergone colloid or mucoid degeneration, yet still to retain ducts, 
lined by columnar epithelium with scattering goblet cells, which are filled 
with mucin, in close resemblance to the typical adenocarcinoma of the 
rectum. 

Papillomas of the ordinary type may appear at the apex, though this is 
rare; and adenomas or adenocarcinomas, with or without mucin-forma- 
tion or degeneration, may occur in any part of the bladder, without re- 
lation to the urachus. Although a true tumor of the urachus does not 
necessarily appear at the site of this structure's insertion into the bladder, 
the characteristics of apical vesical tumors of urachal origin are so definite 
that there is no difficulty in differentiating them from the colloid cancers 
of the bladder wall itself. The urachal tumor regularly arises in the 
outer muscular layer of the bladder wall and only secondarily makes its 
entrance into the vesical cavity. 

Differential Diagnosis. Differential diagnosis will not be difficult if 
the examiner keeps in mind the fact that urachal tumors always appear 
at the apex, either completely outside the muscular wall or no further 
in than the muscular layer, only secondarily penetrating to the bladder 
cavity, or, perhaps, merely producing a bulge of the mucosal surface. 
Genuine bladder neoplasms ordinarily take their origin in the mucous 
membrane, advancing to the muscular tissue only when the disease has 
progressed extensively. Such tumors are generally furnished with ped- 
icles, while urachal tumors are never pedunculated. 

Symptoms: Prognosis: Treatment. The symptoms of urachal 
tumors, as well as their clinical course and amenability to treatment, 
are similar to those of any solid vesical tumor. Granted that they are 
usually malignant, the prognosis is as good, and possibly a trifle better, 
than that we have been led to expect in neoplastic disease of the bladder. 

A review of the published cases and statistics gives the impression that 
surgery has been, on the whole, the most satisfactory’ method of treat- 
ment. 
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Herniation of the Bladder 

True herniation of the bladder through the inguinal or femoral rings 
is of infrequent occurrence. (In comparison with intestinal hernia, it is 
very rare). Inguinal hernia is by far the more frequent, and is seen 
much oftener in men than in women. Femoral hernia is usually seen 
in women. Very rarely there may be protrusion through the obturator 
foramen, or a ventral hernia. 

Incidence and Etiology. Bladder hernia may occur at any period of 
life, but is more prevalent in later adult life. Factors that may cause 
herniation of the bladder in susceptible persons are: weakness of the 
abdominal wall, either congenital or acquired; trauma from any cause, 
inducing increased intra-abdominal pressure; superabundant prevesical 
fat, exerting traction on the bladder and causing it to protrude down- 
ward through one of the hernial openings; urinary obstruction overdis- 
tending the bladder; old age or debilitating disease, resulting in flaccidity 
and atony of the abdominal wall. The most common predisposing fac- 
tor in women is pressure of the gravid uterus during the final months of 
gestation. In males, the bladder normally approaches the inguinal 
fossa more closely, and vesical hemia will be more often associated 
with the direct type of prolapse. 

Several years ago, through the courtesy of Doctors Burdick and Coley, 
of the Hospital for the Ruptured and Crippled, in New York, we were 
able to study 15 cases in which the bladder was found occupying a hernial 
sac. Of these 15 cases, 7 occurred on the left side, 6 on the right, 1 was 
bilateral, and in 1 the side was not mentioned. There were 3 femoral 
hernial sacs presenting a portion of the hladder. Eight of the patients 
were males, 7 females (2 of these had femoral hernias). Seven patients 
were under 10 years of age, and only 2 were over 40 years. The fact 
•that the herniation in this rather large number of cases was accidentally 
discovered at operation emphasizes the importance of bearing in mind the 
possibility of vesical herniation and making diligent search for the con- 
dition. 

Types of Vesical Hernia. A vesical hernia may be extraperitoneal, 
intraperitoneal, or paraperitoneal. 

In the extraperitoneal type of vesical hemia there is protrusion of the 
anterior or lateral extraperitoneal wall of the bladder (usually with the 
superabundant prevesical fat) into the inguinal or femoral canal. This 
type of hemia is ordinarily small. It often produces no symptoms, and 
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may be discovered only at operation or autopsy. In form, it is always a 
direct inguinal hernia. 

The intraperiloneal hernia is usually secondary in type, and is regularly 
inguinal. The hernial sac may consist of the entire bladder with the 
exception of the trigone, or of part of the bladder, a diverticulum, or 
prevesical fat alone, but it is covered with peritoneum. When a smaller 
part of the bladder is involved, the sac may contain loops of the small 
intestine with a portion of the omental covering, or, in women, the uterus, 
ovaries, fallopian tubes, and ureters. In men the prostate is sometimes 
involved. 

Paraperitoneal hernia may take the form of either a direct or an indirect 
hernia. In either case, the bladder will be found on the inner side of the 
hernial sac, the serous covering of its superior surface forming the inner 
wall of the peritoneal sac. This is the easiest type of vesical hernia to 
handle successfully. It is also, fortunately, the most common. With 
the bladder in the inner posterior part of the hernial sac, it is a com- 
paratively easy matter to free the sac from the spermatic cord elements 
by gauze dissection, and thus discover the bladder before there is a 
chance of injuring it because one is unaware of its participation in the 
hernia. Except in very old or infant patients, the bladder in this type 
of vesical prolapse will be found enveloped in a thick layer of fat. This 
superabundant fat is believed by some observers to play an important 
role in the production of the hernia. 

Symptoms and Diagnosis. The most common complaint is of a “rup- 
ture” or “tumor” in the inguinal or femoral region. The patient may 
give a history of “two-stage urination” — that is, of first evacuating the 
urine in the non-prolapsed portion of the bladder and, later, that in 
the herniated portion ; or he may have noted that pressure on the “tumor” 
is necessary 7 to effect complete evacuation of the urine, and that such 
pressure is followed by reduction in the size of the tumor. As a rule, 
an unstrangulated vesical hernia causes little discomfort unless secondary 
infection takes place, and the condition is frequently not recognized ex- 
cept at operation or autopsy. Strangulation of an inguinal hernia is a 
fairly common occurrence, but a strangulated femoral hernia is rare. 
The clinical picture varies according to what structures are strangulated 
with the bladder. Should a ureter be thus involved, symptoms of 
urinary obstruction will be in evidence, and to these may be added 
gastrointestinal manifestations such as sometimes complicate renal 
obstruction from other causes. 
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Physical examination may give no intimation of anything save a typi- 
cal inguinal or femoral hernia. “Two-stage urination” is suggestive of 
vesical involvement. The possibility of a diverticulum of the bladder 
must still be considered; and in men of middle age, a rectal examination 
should always be made to distinguish the symptoms from those pro- 
duced by an hypertrophied prostate. Heineck (1921) noted that if a 
hernia still feels doughy, after reduction of the palpable mass following 
evacuation of the bladder, one is probably palpating prevesical fat. 
Any irreducible hernia should be suspected of containing a portion of the 
bladder until its presence can be positively ruled out. Transillumination 
will differentiate the condition from hydrocele, for a herniated bladder is 
not translucent; but this does not rule out varicocele, inflammatory 
glands, or neoplastic growth, none of which is translucent. By passing 
a sound through the urethra and determining whether its tip is within 
the hernia, the presence of a portion of the bladder therein can immedi- 
ate^' be demonstrated. Passage of a catheter -will quickly show whether 
the size of the swelling decreases as the bladder is evacuated; and the 
reverse can be shown by injecting air or fluid through the catheter and 
noting whether the tumefaction increases in size. If this is followed by 
cystoscopic inspection, the presence of vesical hernia will, in most 
cases, be adequately demonstrated 

A positive diagnosis of vesical hernia, in suspected cases, can be made 
by cystography. 

Prognosis. The prognosis is favorable if the bladder can be returned 
to its normal position without being injured, and before serious com- 
plications have set in. 

Treatment. Treatment is surgical — reduction of the hernial sac and 
repair of the defect in the bladder wall. The location of the hernia will, 
of course, influence the choice of operation. If strangulation has occurred, 
the treatment must include measures for combating shock, and the oper- 
ation performed only when the patient’s condition is such as to permit 
it with reasonable safety. 

Frequently, participation of the bladder is not suspected in connection 
with an inguinal hernia until operation for the hernia has been under- 
taken. If only a small part of the bladder has herniated, this portion 
can be separated from the peritoneal sac by gauze dissection and in- 
vaginated into the abdomen. Recurrence can be prevented by setting 
a purse-string suture in the floor of the inguinal canal. 

For more extensive participation of the bladder in a hernial sac, a 
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more elaborate procedure is required. The bladder hernia should always 
be dealt with before the regular procedure for the cure of inguinal hernia 
is carried out. 

Prolapse of the Bladder Through the Urethra 

In the female, the bladder may herniate through the urethra. Greatly 
relaxed sphincters, and relaxation or weakening of the ligaments which 
support the bladder in position, added to some unusual force, such as 
straining at stool, are responsible for the prolapse. The condition is 
rare. Unless reduced promptly, gangrene of the bladder, due to the 
shutting off of the blood supply, may result. 

Treatment. Treatment consists of reduction of the prolapsed bladder 
and the institution of measures to prevent recurrence of the herniation. 

Cystocele 

Cystocele is a protrusion of the bladder into the vagina. It is due to 
a relaxation of the normal pelvic supports, allowing the bladder to pre- 
sent itself in the vagina as a bulging, soft, fluctuant mass. It is fre- 
quently associated with rectocele and displacement of the uterus 

Etiology. Cystocele is an aftermath of prolonged, difficult labor. 
Davies, who exhaustively studied the anatomopathological aspects of 
cystocele, concluded that an injury to the pubocervical ligament, as 
well as the anterior wall of the vagina, is essential to its formation. An 
overstretched vagina, he believes, is capable of normal involution, be- 
cause of the many involuntary muscle fibers in its wall, unless the supports 
of the bladder have been so distorted that they are constantly pulling 
the vagina out of position. Such a situation will shortly bring about a 
weakening of some portion of the vaginal wall, permitting herniation of 
the bladder through this weak spot. 

Symptoms and Diagnosis. The chief complaints are of the mass 
presenting itself in the vagina, urinary frequency, and, occasionally, 
obstruction to urination. 

The diagnosis is easily made by observing and palpating the mass, 
and by the cystoscopic appearance. The urethra, being fixed in its nor- 
mal location, is high above the ureteral orifices, which descend with 
the bladder. In order to observe them, therefore, the eye-piece of the 
cystoscope must be considerably elevated. 

Prognosis. The condition is not relieved by ordinary’ palliative means. 
Operation is not always successful, but should be attempted when the 
symptoms are distressing. 




Plate V. Cystoscopic Appearances in Certain Pathological Conditions or the 
Vesical Neck and Trigone 
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Fio. 234. Contracture of the vesical neck. (1) Cystoscopic view of the contracture. 
(2) View of the opened bladder from abo\e. 


normally. To meet the increased strain upon it, the muscle undergoes 
compensatory hypertrophy. This results in vesical irritability, fre- 
quency, urgency, and even vesical spasm, which is the detrusor's way 
of resenting the foreign body which the enlarged trigone simulates. 
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If the trigonal hypertrophy is associated with enlargement of the 
median lobe of the prostate, these two hypertrophied structures may form 
a continuous mass raised above the level of the surrounding mucosa, and 
eventually bring about complete inability to empty the bladder. The 
outward passage of urine will be blocked by a wide, transverse barrier 
in the bladder floor behind the urethral orifice. If the condition is al- 
lowed to persist long enough, the retained urine may undermine the 
trigone and form a sort of valve with a deep pouch behind it — the trigone 
acting as a septum, which shuts off the flow of urine. 

In postmortem studies it has been observed that the enlargement is 
always greatest in cases presenting elevation of the dorsal portion of the 
vesical orifice. In cases where the median lobe was enlarged and some- 
what off-center, the trigonal hypertrophy tended to be asymmetrical 
and most marked on whichever side of the vesical orifice was the lower; 
but when the lobe was centered, it acted as a ball-valve, and the hyper- 
trophy would be symmetrical. 

There are characteristic stages in the development of trigonal hyper- 
trophy. When first in evidence, the trigone is but slightly raised above 
the surrounding mucosa, though the interureteral ridge shows a definite 
elevation. A little later, the trigone will have been pushed up to the level 
of the interureteral ridge and ligament, and there will be a shallow pouch 
behind them, which gradually grows deeper. After the median bar is 
definitely formed, the trigone appears as a shelf behind the bar 

Treatment. The hypertrophied trigone may be removed suprapubi- 
cally or transurethrally (Operative Treatment of the Bladder, p. 1145). 
If observed early, before it has become obstructive, removal of the pri- 
mary cause of urinary obstruction, such as a median bar, may make 
treatment of the trigone unnecessary. 

Vesical Calculus 

Incidence and Etiology. Most vesical calculi probably originate in 
the kidney. A renal stone, or the nucleus of a potential stone, that has 
passed through the ureter into the bladder, is usually evacuated, es- 
pecially by the female. Should the stone or nucleus be retained in the 
bladder, it is almost invariably because of some associated abnormality 
causing obstruction to urinary evacuation (prostatism, cord bladder, 
urethral stricture, vesical diverticulum). These stones are usually found 
in older men (rarely in women), are generally of small size, and fre- 
quently are multiple. The majority of vesical calculi are predominantly 
uric acid or urates. 
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Primary bladder stones in the United States are mostly formed about 
a foreign body retained in the bladder, such as an unabsorbed suture ora 
fragment of catheter, filiform, sponge, drainage tube, or splintered bone, 
or a hairpin, bit of glass, needle, or other object introduced or swallowed 
by the patient. In Europe and the Western Hemisphere the incidence 
of vesical calculus is low in comparison with that of stone originating in 
the upper tract. However, in certain other sections of the world, notably 



Fig. 235 Photograph of a large calculus removed from the bladder by operation. After 
removal, the stone was broken. The lower picture shows the nucleus. 

South China and India, the incidence is very high. The variations of 
incidence in different parts of the world are undoubtedly due in large part 
to differences in diet and mode of living. 

Siddall, in his study of the high incidence of bladder calculus in com- 
parison with renal stone in South China, advances this explanation: 

“The habits of eating, drinking, and working in South China supply the fertile 
soil in which primary vesical stones are easily grown. The urine is concentrated, 
and there are present in relatively large amounts uric acid and oxalates. It is pos- 
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sible that the factor which actually plants the seed or nucleus of the stone is recurrent 
albuminuria. It has been shown by Nicols and Hoecker that strenuous exercise 
can cause at times a severe albuminuria in normal subjects. If this is true, the 
Chinese farmer who works hard with his hands must have recurrent waves of albu- 
minuria just at the time when factors are operating to increase the excretion of endog- 
enous uric acid. . . . This albuminuria may disturb the protective colloids in the 
urine, causing the uric acid and oxalate to precipitate out. ... A certain amount of 
stagnation of the urine is required (for stone formation) and the most likely place is 
the bladder instead of the kidneys.” 




Fig. 236. Photograph of a “jack-stone” removed from the bladder by suprapubic cystot- 
omy. 

Etiological factors that have beeh-^dVanced for the formation of stone 
include: climate, heredity, racial proclivity, dietary deficiencies or im- 
balances, endocrine disturbances. These are discussed under Renal 
Calculus (Etiology, p. 1584). 

That vesical calculus is fundamentally a deficiency disease is indicated 
by its diminishing frequency in childhood in countries where there has 
been a substantia) genera) improvement in the diet of infants and 
children. In the United States and England this improvement has been 
striking. Vesical calculus in childhood, once a common occurrence, is 
now infrequent in these countries. Twinem, in a study of 306 patients 
with vesical calculus operated upon in the New York. Hospital in the 
117 years between 1820 and 1937, found that the percentage of patients 
under 30 years of age decreased from 83.3 per cent in the first 25 years to 
10.9 per cent in the last 25 years. Of the 129 patients operated upon for 
vesical stone between 1921 and 1927 at the Brady Foundation, only 1 
was under 10 years of age and only 2 between 10 andJ20 years, while 75 
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were between 50 and 70 years. This shift in age distribution has also 
been noted in England and certain other European countries. (There 
is one type of vesical calculus, however,- — the rare xanthine stone — that 
appears to occur much more frequently in young subjects.) In India, 
where dietary habits have not changed, vesical calculus in patients under 
20 years of age is still very common and shows little decrease in frequency. 

Hyperparathyroidism is also believed to play an important role in the 
production of urinary lithiasis. The stones in these cases are usually 
multiple. The increase of hormone upsets the metabolism of calcium 
and phosphorus, resulting in an abnormally increased concentration of 
these salts in the urine, with subsequent formation of urinary calculi. 

Important accessory factors in the formation of vesical calculi are the 
reaction and concentration of the urine, urinary retention, and infection. 

Any condition which causes retention, so that residual urine is con- 
stantly present, will strongly influence the precipitation of salts, with the 
tendency to subsequent calculus-formation. The hypertrophied pros- 
tate is, perhaps, the best example of such a retention-producing condi- 
tion; and the importance of prostatism in the production of vesical 
stone is indicated by the fact that in the United States and Europe 
vesical lithiasis is becoming increasingly a disease of the older male, 
being relatively infrequent in women and in children. If the bladder 
cannot be completely emptied at each micturition, small potential nuclei, 
which have descended from the kidney and which would be easily evacu- 
ated by a normal bladder, will be retained and may form vesical stones. 
These nuclei are usually composed of uric acid, oxalate of lime, and 
sodium and ammonium urates. If retained in the bladder, they may 
rapidly increase in size — phosphates, urates, and more uric-acid deposits 
adhering to them. The influence of stasis is also shown by the relatively 
high incidence of stone in vesical diverticula and the fairly frequent oc- 
currence of urinary calculi in patients immobilized in bed for long 
periods because of traumatic injuries or bone disease. 

The exact relation of infection to the formation of vesical calculus is 
undetermined. Stones formed in uninfected urine are common. Uri- 
nary-tract infections without stone are also common. It is definitely 
know that certain types of infection, such as that produced by the 
Bacillus proleus or the Staphylococcus albus, induce alkaline decom- 
position, which has long been recognized as favoring the production of 
stone. When alkaline decomposition occurs, the phosphates of calcium, 
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ammonium, and magnesium are not held in complete solution, so that the 
likelihood of their being deposited is great. 

Pathology. Mechanical irritation of the vesical mucosa from contact 
with the stone during each micturition results in a chronically inflamed 
bladder. Depending on whether the surface of the stone is smooth or 
rough, as well as upon its size, the inflammation will vary from a slight 
reddening of the mucosa to multiple areas of congestion and ulceration, 
producing bleeding. The stone may obstruct the urethral orifice and 
produce the usual vesical changes caused by back pressure, such as hyper- 
trophy, trabeculation, and cellules; or its presence may aggravate al- 
ready existing symptoms of back pressure caused by an enlarged pros- 
tate, stricture, or other obstruction. Obstructive and infective changes 
in the upper urinary tract are common complications of vesical stone. 

Symptoms. Increased frequency of urination is usually the first symp- 
tom to be observed. Unlike the frequency of prostatic hypertrophy, 
which is generally more annoying at night, that induced by a vesical 
stone is likely to be worse in the daytime, when the patient is up and 
about. Other prominent but not pathognomonic symptoms are pain, 
hematuria (usually terminal), and sudden stoppage of the urinary stream. 
As a rule, the pain is most severe during or immediately following urina- 
tion, but may be present at other times and is usually aggravated by 
motion. The character of the pain varies from a slight pricking to almost 
intolerable agony. In general, however, the pain due to a vesical stone 
is less severe than that produced by stone in the upper tract. It is most 
commonly felt toward the end of urination — in men being referred to 
the tip of the penis, and in women to the vulva. Occasionally, pain 
may be referred to the perineum, rectum, or even as high as the epigas- 
trium. 

Hematuria is a common but not invariable symptom. Most patients 
giving a history' of hematuria will remark that the blood in the urine has 
been observed, as a rule, after violent exercise, heavy lifting, or prolonged 
jarring, such as may be experienced when horseback riding or during 
long motor trips. Such hematuria is usually painless. A large, rough 
calculus may traumatize the mucosa every time the bladder is emptied, 
so that each micturition will be terminated by a fresh show of blood. 

Pus is almost always present in the urine, as a result of the accompany- 
ing cystitis, but may not be macroscopically evident. 

Sometimes there are no symptoms suggestive of calculus, and the 
stone is only discovered at routine cystoscopy. 
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Diagnosis. A history of pain, sudden stoppage of the urinary stream, 
and hematuria, that is usually terminal and increased after exercise or 
prolonged motion, is suggestive of bladder calculus, and this suspicion will 
be increased if there have been attacks of renal colic prior to the onset 
of the urinary symptoms Rectal or vaginal palpation may reveal the 
presence of stone in the bladder. 

Suspected cases should be subjected to roentgenographic exploration. 
Many cases of bladder calculus can be diagnosed by plain films alone. 
However, reliance must never be placed on a negative x-ray film alone. 
Hyman, for example, has reported that in 35 of 57 cases of vesical cal- 
culus (61 per cent) no shadow was thrown by the stone. Calcified lymph 
glands in the vesical region may inject an element of confusion. In such 
cases, a lateral picture will show mobility of the shadow-casting bodies, 
and is an aid in the differential diagnosis. 

The cystoscope is the urologist’s main dependence in the diagnosis of 
vesical lithiasis (Plate VI). Uncomplicated bladder stone is rare, and 
cystoscopy will give full and accurate information not only regarding the 
stone but also as to the associated abnormalities, such as urethral stric- 
ture, prostatism, vesical diverticulum, and tumor. Calculi encysted in 
the bladder wall, or hidden away in a diverticulum (Fig. 238), may oc- 
casionally escape detection by even the most practiced eye, but the well- 
trained cystoscopist is not often thus led astray. Cystography and 
excretion urography are valuabie aids to diagnosis even when used alone, 
but their worth is enhanced when reinforced by cystoscopy. A stone 
not opaque to the roentgen ray may readily be seen with the cystoscope. 

Prognosis. With more exact methods of diagnosis, and greater sur- 
gical and manipulative skill, the outlook for most victims of vesical 
calculus can be regarded as excellent. For the patient enfeebled by age 
or intercurrent disease, the prognosis must be more guarded. This 
applies particularly to those postprostatectomy cases in which the 
patients are advanced in years and suffering from the effects of long- 
continued back pressure upon the upper urinary tract. The earlier vesi- 
cal lithiasis is recognized and relieved, the better the prospect for per- 
manent cure. 

Treatment. Once formed, vesical stones that cannot be spontaneously 
expelled through the urethra must be removed by some form of surgery 
or intraurethral manipulation. Suprapubic lithotomy and litholapaxy 
are the methods in use today. Small stones may be removed with the 
cystoscopic rongeur. These procedures are discussed under Operative 
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Plate VI. CvstoscopiC Views 

(1 to 4) Showing various types and locations of vesical calculi. (5, 6) Ureterocele, dis- 
tended and collapsed. 
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Treatment of Vesical Calculus (p. 1124). Urinary antiseptics are often 
helpful in relieving the accompanying cystitis. 

The value of dietetic treatment as an instrument of prevention will 
naturally be increasingly emphasized as the theory of vitamin deficiency 
as a causal factor in stone-formation gains ground. This phase of treat- 
ment is considered under Renal Calculus (Follow-Up Treatment; the 
Problem of Recurrence, p. 1609). 

Foreign Bodies in the Bladder 

The subject of foreign bodies in the bladder is intimately related to 
that of vesical calculus, because any extraneous object introduced into 
the bladder quickly becomes encrusted with urinary salts, and, if it is 
permitted to remain there for a considerable period, will form a nucleus 
for a bladder stone. 

The list of foreign bodies which have been removed from the human 
bladder is an almost incredibly varied one. Among recent writers, 
Muller and Macquet oiler a “certainly incomplete” list of 40 items 
beginning with aiguilles (needles) and ending with vertebres caudales 
d’tin Scureuil (a squirrel’s caudal vertebrae). They also describe the 
“astonishing bric-st-brac” — including a watch-chain and a crucifix — 
which Hogge removed at different times from the bladder of the same 
woman. In recent English reports is found an equally catholic selection, 
ranging all the way from the headless snake recovered by Geyerman, 
and the two snails which Mauterer found, to the match and fountain-pen 
cap recovered by McMartin. Anything that is not too large to be in- 
troduced into the urethra, or is capable of working its waj' through the 
tissues into the bladder cavity, or can be introduced and overlooked 
during vesical surgery, seems at one time or another to have played the 
part of foreign body in the bladder. 

Etiology. Probably the greater number of objects are introduced by 
masturbators into the urethra, whence they escape during the engendered 
sexual excitement, so as to be beyond the reach of the introducer, whose 
frantic efforts to retrieve them only accelerate their passage into the 
bladder. Shame usually keeps the victim from seeking aid in their re- 
moval, as in most cases there are no immediate symptoms. The presence 
of the foreign body may actually be forgotten until the gradual encrusta- 
tion of urinary salts so increases its bulk that a chronic cystitis is pro- 
duced and, probably, an impediment to urination. 

There appears to be a preponderance of females among the patients 
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on record as having introduced foreign bodies into the bladder for erotic 
purposes. Most of the females are young girls, who presumably have 
mistaken the urethral meatus for the vulva when attempting masturba- 
tion or the production of abortion. 

Surgical accidents and material overlooked at operation are account- 
able for a small proportion of vesical foreign bodies. A broken-off frag- 
ment of catheter, filiform, lithotrite, or other instrument, a gauze sponge, 



Fig. 237. A broken filiform tip in the bladder being removed with the Lowsley cystoscopic 
rongeur. 


or a bit of drainage tube may be left behind in the bladder; and sutures 
have occasionally sloughed their way through the vesical wall, and, 
becoming encrusted, formed formidable stones. 

Swallowed bodies, such as tacks, nails, needles, bits of glass, etc., have 
been recovered from the bladder, the introducers usually being young 
children or insane or intoxicated adults. 

Bone spicules may work their way into the bladder from the extra- 
vesical tissues. Several authors mention the emptying of a dermoid 
cyst into the bladder, which mav introduce teeth, hair, or even fetal 



INJURIES AND DISEASES OF BLADDER 1075 

bones. Very rarely, fecal scybala invade the bladder through a vesico- 
enteric fistula. 

The majority of the patients are young adults. We found no cases 
recorded in infancy, and few in old age. 

Pathology. The bladder often tolerates the presence of a foreign 
body surprisingly well. Sometimes no symptoms are produced until the 
object hecomes so encrusted with urinary salts that the resulting calculus 
almost fills the bladder. A smooth object, such as a prune pit or large 
glass bead, may remain in the bladder for a long time without becoming 
deeply encrusted or producing symptoms. Sharp-pointed objects, 
such as the ubiquitous hairpin of the earlier literature, are likely to be- 
come embedded in the vesical mucosa, rapidly setting up an irritation 
that is almost certain to become secondarily infected. Infection may 
have been present before the foreign body was introduced, or may have 
been carried in with it. 

Occasionally an unusually rough or sharp-pointed article may per- 
forate the bladder wall, forming a vesicovaginal or vesico-enteric fistula. 

Symptoms and Diagnosis. In general, the symptoms of foreign body 
in the bladder are similar to those of vesical calculus. Depending upon 
the size and nature of the foreign object, and the condition of the bladder 
at the time of its introduction, distressing manifestations may supervene 
almost immediately or may be delayed for a considerable period. In 
many cases the victim will endure great torture before he will submit to 
examination, being ashamed or terrified of punishment if he admits his 
part in the introduction. The symptoms may be those of urinary 
blockage, cystitis, or both. 

The diagnosis is easily made if a correct history can be obtained. 
This, however, is usually difficult. As with vesical calculus, the diag- 
nosis is based upon the history, rectal or vaginal palpation, and the 
cystoscopic and roentgenographic findings. 

Treatment. The methods of treatment suggested for bladder stone 
are applicable to foreign bodies (Operative Treatment of Vesical Calculus 
and Foreign Bodies in the Bladder, p. 1124). 

Numerous instances are on record wherein portions of paraffin or wax 
in the bladder have been dissolved by various solvents (xylol; one-third 
gasoline in warm paraffin oil; warm, sterile liquid petrolatum, etc.). 
Solvents such as chloroform, benzine, and carbon disulfate ether cannot, 
of course, be used in the bladder. The best method, in our opinion, is 
to remove the paraffin, piece by piece, with a cystoscopic rongeur. 
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Vesical Fistulas 

VESICOVAGINAL FISTULA 

A fistulous communication between the bladder and the vagina is a 
relatively common and an exceedingly distressing lesion, the successful 
repair of which presents a most difficult problem. Until a compara- 
tively few years ago cure was almost unheard of; and any extensive series 
of cases, such as that published by us from the records of the New York 
Hospital from 1844 to 1933, was invariably made up largely of tragic 
failures. The first successful technic was that devised by Marion Sims 
in 1852 — an operation which ranks with the great surgical achievements 
of all time, and which, with certain modifications, is still applicable to 
patients of the present day. 

Etiology and Pathology. The proximity of the female bladder to the 
vagina makes an accidental opening between these two hollow structures 
an ever-present possibility. Most of the vesicovaginal fistulas reported 
in the earlier literature were the results of accidental obstetrical injuries. 
In later years we find them frequently following pelvic operations, es- 
pecially hysterectomy, radium treatment of the genital canal, or neo- 
plastic or inflammatory disease of the cervix, vagina, or bladder. 

The vaginal orifice of the fistula is regularly located in the upper half 
of the anterior wall. The size of the orifice may vary from that of a pin- 
head to so great a loss of substance that the examiner can easily thrust 
several fingertips through it. In fistulas of long standing there may be 
inversion of the vesical mucosa through the orifice and a dense ring of 
scar tissue encircling it. 

The constant leakage of urine through the opening creates a distressing 
condition and renders the lives of these women most miserable. Often 
the mucous membrane about the fistulous opening shows an inflammatory 
reaction from the constant irritation, especially if the patient issuffering 
from cystitis. Decomposition of urine results in deposits <?/ ammonium 
salts about the edges of the fistulous opening. When the fistula is due 
to radium injury, the floor of the bladder is likely to show extensive 
sloughing, with dense scar tissue, and there may be wide loss of substance 
in both the bladder floor and vaginal vault. 

Symptoms and Diagnosis. Urinary incontinence is the chief symp- 
tom. A history’ of difficult labor, a pelvic operation, or radium therapy 
preceding the onset of the incontinence is important. The vaginal 
speculum will usually reveal the vaginal orifice, with urine leaking 
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through it as a rule; and cystoscopy may show the vesical opening, which 
is likely to be found in the midline, posterior to, or near, the interureteral 
ridge. Very small openings may be disclosed with the aid of cystography 
or the intravesical or intravenous injection of methylene blue. 

Prognosis. The prognosis of vesicovaginal fistula, once uniformly 
poor, has been so improved by modem surgery that successful closure 
may be hoped for in the majority of cases. 

Treatment. Very small vesicovaginal fistulas of traumatic origin, 
if immediately recognized and the urine promptly diverted, may heal 
spontaneously. Usually, however, surgical closure is required (Repair 
of Vesicovaginal Fistula, p. 1128). 

VESXCO-ENTEKIC FISTULA 

A fistulous communication between the bladder and the bowel is not 
rare. It is seen more often in the male sex. The opening may be be- 
tween the bladder and the rectum (the most common variety), sigmoid, 
ilium, or appendix. Pascal (1900) collected 346 cases from the literature, 
and called attention to the predominance of male patients, placing the 
ratio at 3 males to 1 female. Cunningham (1916) exactly reversed this 
ratio, claiming that 75 per cent of vesico-enteric fistulas were seen in 
women and only 25 per cent in men. In Higgins’ report of 35 cases seen 
at the Cleveland Clinic (1936), 21 were males and 14 females. This 
author remarks that the greater incidence in men may be accounted for 
by the fact that men are more subject to diverticulosis than women. 
Communication between the bladder and bowel is anatomically more 
difficult in the female because of the interposition of the uterus. 

Etiology. The cause of the fistula may arise in the bowel, in the 
bladder, or outside both. External trauma (gunshot wounds, etc.), 
surgical accidents, and inflammatory or neoplastic disease of the bladder 
or intestine are the most common causes. Diverticulosis of the rectum 
or sigmoid is responsible for many of these fistulas. Occasionally a stone 
or foreign body becomes embedded in the portion of the vesical wall 
impinging on the lower bowel, and, by eroding through, eventually pro- 
duces a fistula. Abscess-formation in a similar location may have a like 
effect. A few cases are of congenital origin, accompanying imperforate 
anus. 

Pathology. The communication is generally directly through the 
apposed vesical and intestinal walls: but occasionally there is a long, tor- 
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tuous tract between the bowel and the bladder, such a sinus being usually 
due to the burrowing of pus from an extravesical inflammatory process. 

The location of the vesical opening depends upon the causal factor. 
In cancer of the rectum the opening is usually found on the left wall. 

Symptoms. Diverticulitis, to which many vesi co-enteric fistulas can 
be traced, may produce vesical symptoms before the fistula is actually 
established. If the sacculation in the intestinal wall impinges directly 
upon the bladder, there will be pronounced vesical symptoms: a burning 
sensation in the affected portion of the bladder wall, tenesmus, and the 
less characteristic symptoms of frequency' and urgency. 

As soon as an opening between the bladder and the bowel has been 
established, an acute cystitis is usually set up. There will then be dis- 
tressing frequency and urgency, pyuria, and sometimes hematuria. The 
pathognomonic symptoms are the passage of gas and feces in the urine, 
the amount depending upon the size and location of the opening into the 
bladder. If, however, the communication is very small, or there is 
considerable edema about the fistulous opening in either the bowel or 
the bladder, the size of the orifice may prevent the passage of fecal par- 
ticles into the urine, so that this sign will be lacking. Sometimes the 
urine leaks into the bowel, resulting in watery stools. 

Diagnosis. The passage of flatus and bowel contents in the urine, or 
of urine in the bowel contents, is usually' sufficient to establish the diag- 
nosis, which is confirmed by cystoscopy, cystography', and examination 
of the rectum. 

Cystoscopy will usually reveal the location of the vesical opening of 
the fistula. The accompanying cystitis may be widely disseminated 
throughout the bladder, or the inflammatory changes may be localized 
in a circular, intensely red spot at the site of the fistulous communication. 
Differentiation from bladder tumor may' at times be difficult, because 
adherence of the neoplastic or inflammatory intestinal mass to the blad- 
der wall will produce a localized area of edema with mucosal projections 
which closely simulate the fronds of vesical papilloma. The edema may 
completely' conceal the fistulous opening. If the cystitis is diffused, 
investigation of the upper urinary' tract is indicated. 

Cystography will disclose the location, extent, and direction of the 
fistula. 

Proctoscopy or digital examination will reveal the bowel opening if it 
is located low enough. If located higher up, roentgen examination after 
barium enemas may be necessary to locate the intestinal opening. 
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Prognosis. Without operative intervention the prognosis is grave, 
because of the ascending colon-bacillus infection of the upper urinary tract 
that is sure to follow this condition. 

If the fistula is of the type that can be controlled by the institution of a 
colostomy, the prognosis is excellent; but in extensive rectal or vesical 
carcinoma the prognosis is very grave and is dependent upon that of the 
malignant lesion. 

Treatment. The treatment of vesico-enteric fistula will differ with 
the type, but is always surgical. Operative relief is indicated as soon as 
the diagnosis is established, if the patient's condition warrants the 
procedure. 

A fistula incurred during surgical intervention may heal spontaneously 
if prompt bladder drainage, by suprapubic cystostomy or a retention 
catheter, is instituted. Other fistulas, il not too extensive, and, par- 
ticularly, if associated with diverticulosis, may heal spontaneously if the 
fecal current is diverted by a colostomy. In most cases, however, 
laparotomy is necessary, to separate the adherent bladder and bowel and 
repair the openings in the walls of both organs. 

Fistulas secondary to carcinoma of the bowel may be inoperable or 
relieved only by a permanent colostomy. A few patients have been 
subjected to cystectomy and ureteral implantation preceded by transec- 
tion of the bowel, removal of the malignant area, and closure by end-to- 
end anastomosis. The wisdom of subjecting an elderly patient to such 
an extensive surgical intervention is questionable. 

VESICO-UTERINE TISTULA 

Etiology and Pathology. Vesico-uterine fistulas, like those between 
the bladder and vagina, are the result of accidental obstetrical, gyneco- 
logical, or urological injury, radium therapy, or inflammatory or neo- 
plastic disease of the bladder or uterus. They are not common. This 
type of fistula is most often incurred during labor, from the pressure of 
the presenting head above the superior strait. If the head is uncom- 
monly large or misshapen, it may lacerate or devitalize the tissues, with 
subsequent necrosis and sloughing. Anterior lacerations of the cervix, 
occurring directly in the median line and extending into the bladder, are 
the injuries most frequently observed. 

Symptoms and Diagnosis. The symptoms are similar to those of 
vesicovaginal fistula, leakage of urine from the vagina being the most 
prominent complaint. If the fistula has been in existence for some time 
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when the patient presents herself for treatment, there may be evidences 
of partial spontaneous healing. Granulations may have partially closed 
the lacerations at the bladder base, or even entirely filled the opening in 
the uterine cervix. Occasionally most of the laceration will be found 
bridged over, with only a small fistulous tract remaining, usually at the 
bottom of the original fissure. But even through these contracted open- 
ings the urine will flow into the uterus and leak down into the vagina, 
being visible as soon as the speculum is inserted. 

The diagnosis is made by cystoscopy and cystography. The appear- 
ance in the uterine os of methylene blue injected into the bladder is defi- 
nite evidence of a communication between the two organs. 

Prognosis. Except in those cases due to malignant disease, or accom- 
panied by very extensive loss of tissue, the chances of successful opera- 
tive repair are good. 

Treatment. The treatment of choice is to close each fistula separately, 
making sure that the suture lines do not come in contact with each other. 
If many adhesions have formed, there may be great difficulty in dissecting 
the cervix free from the bladder wall. In women near the menopause, 
vaginal hysterectomy may offer the most satisfactory solution. As with 
vesicovaginal fistula, cystectomy with transplantation of the ureters into 
the bowel has been suggested for very obstinate cases, when all efforts 
at closure have failed. 


Diverticulum of the Bladder 

Vesical diverticulum is an evagination or herniation of a portion of 
the bladder wall, producing a sac with a narrow neck. The divertic- 
ulum may vary in size from a small cellule 1 cm. in diameter to a sac 
larger than the bladder itself. The opening into the diverticulum is 
always much smaller than the sac itself, and from the interior of the 
bladder has the appearance of an orifice. The diverticulum acts as an 
accessary' urinary reservoir which does not empty with the bladder at 
the first urination. When patients complain, as they frequently do, of 
being able to void an equal amount shortly after emptying the bladder, 
diverticulum is immediately suspected. Numerous instances of calculi 
or tumor occurring in a diverticulum have been reported. 

For a resume of the literature on this interesting lesion, to which 
physicians from the time of Hippocrates down to the present have been 
calling attention, the reader is referred to the very complete history' 
published by Lowsley and Gutierrez in 1928. 
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Incidence. The frequency of vesical diverticulum is now known to 
be much greater than was formerly supposed. Prior to the practical use 
of the x-ray and cystoscope, relatively few reports of diverticulum of the 
bladder appeared in the literature, and these were generally postmortem 
or unsuspected operative findings. 



Pic. 23S. Diverticula of the bladder, (a) A large collection of small bullet-like calculi 
in a diverticulum, (b) A smaller sac higher up on the bladder contained no stones. This 
patient was entirely cured by operative intervention. 

Diverticulum is much more common in males than in females (18 fe- 
males to 543 males, Schacht and Crenshaw, 1930). It may occur at any 
age; but is uncommon in childhood, occurs chiefly after the fourth decade, 
and is most common in later years. Indeed, the preponderance of men 
of “prostatic age” is too striking not to be significant. 

Etiology. Thee tiology ol vesical di verticulum has been widely studied 
and extensively investigated during recent years. The general con- 
clusion is that the condition is the result of both congenital and acquired 
factors; that it cannot be attributed to any one etiological factor, but is 
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the result of a number of causes — anatomical, pathological, and mechan- 
ical — operating together, so that, even if some congenital defect may have 
contributed toward its formation, in the vast majority of cases the diver- 
ticulum may properly be considered as an acquired lesion. • 

By far the most frequent sites of diverticula are in the region of the 
ureteral orifices on the posterior or lateral wall, and at the site of the ura- 
chus. Although congenitally weak spots in these parts of the bladder 
wall are undoubtedly a predisposing factor, it is doubtful if diverticulation 
occurs unless there is obstruction. In the presence of long-standing 
back pressure, it is these weak points in the wall that are most likely to 
give way. Accessory ureteral buds and patent urachi explain a few 
diverticula, but here, too, obstruction is probably always an accessory 
factor. 

Ernest M. Watson, in his investigations of the fetal bladder in various 
stages of development, observed that, in the fetus, intrapelvic and lower 
abdominal pressure often varied considerably, and that this resulted in 
distortion of the bladder, causing irregularity of the inner wall with ridge- 
like elevations about the lateral margin of the trigone. If pressure 
should become great enough early in fetal life, these ridges might pos- 
sibly develop to such an extent as to bridge the lumen of the bladder, 
for in some of the specimens studied by Watson the irregular ridges 
traversed the entire vesical cavity, so as to touch the mucosa of the op- 
posite wall. Lateral pressure might cause the formation of similar 
bridges from one part to another of the same side of the bladder. There 
were indications that if destruction of the epithelium should take place, 
and two surfaces thus denuded come together, conditions would be 
favorable for their adherence, thus forming a true attachment of the 
bridge of tissue across some portion of the vesical cavity. As the mucosa 
continued to grow, it would send out finger-like projections which even- 
tually would grow into a continuous wall until, finally, a true pocket, 
containing all the elements of the bladder wall proper, would be formed. 

It is probable that many congenital diverticula remain unrecognized 
throughout life, and that many others produce no symptoms until after 
middle life, when factors inducing abnormal intravesical tension, or in- 
creased activity of the vesical mucosa, may bring pressure to bear upon 
the weak points in the wall. 

The role of lower urinary- tract obstruction is of outstanding impor- 
tance in the production of vesical diverticula. Urethral stricture, con- 
genital valves, prostatic hypertrophy or carcinoma, contracture of the 
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vesical neck, and bars are the lesions chiefly responsible. Paralysis, with 
retention of urine, may result in the formation of diverticula. The ob- 
structed bladder, attempting to empty itself, forms trabeculations, and 
then shallow cellules (Plate VII) . If the urinary back pressure con- 
tinues, one or more of these cellules may increase greatly in size, forming 
a diverticulum. The much greater incidence of obstruction in men than 
in women accounts for the striking predominance of diverticulum in the 
male sex. 

Pathology. Diverticula maj’ be small or of great size, single or 
multiple, simple or multilocular. In approximately 50 per cent of our 
cases the diverticula have been multiple. The wall of the sac consists 
largely of connective tissue , being deficient in muscular fibers. The sac 
is lined with vesical mucosa. Most diverticula are non-contractile, due 
to the inelasticity of the wall and adhesions to surrounding structures. 
Infection of the retained urine often leads to diverticulitis, ulceration, 
calculus, or (infrequently) tumor. 

Symptoms. The symptoms are many and varied, being chiefly those 
of obstruction of the urinary tract: increased frequency of urination, a 
slow, sluggish stream, dribbling, hematuria, pyuria. Suprapubic pain, 
or a sense of fulness or pressure in the lower abdomen, or burning during 
or after micturition may occur. A history of having to empty the blad- 
der twice in rapid succession is characteristic of this condition. The 
urine is usually foul, due to stasis. 

In most cases the symptoms have been present for a long time when the 
patient seeks medical aid (an average of 5^ years in our series). 

Diagnosis. The diagnosis is made upon the history' and by cystoscopy 
and contrast cystography. 

The few diverticula encountered in children practically always are 
found in boys, and are usually accompanied by congenital valves, spina 
bifida, or some other cause of obstruction. The condition is uncommon 
in women. Most of the cases occur in older men, and are accompanied 
by some condition of prostatism, median bar, or urethral obstruction. 
In making the diagnosis, therefore, it is not enough to establish the pres- 
ence and size of the diverticulum; the causative lesion in the lower uri- 
nary tract, and complications in the bladder or in the upper tract, must 
also be investigated and accurately diagnosed. 

Cystoscopy reveals the location of the orifice of the diverticulum. An 
x-ray-opaque ureteral catheter may be passed into the cavity of the 
diverticulum, where it will curl up, and an x-ray will show its location. 
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The best method of diagnosis is the cystogram followed by an aero- 
gram. Radiograms are first taken with the bladder and diverticulum 
filled with an opaque fluid; the opaque medium is then removed, the 
bladder immediately filled with air, and another radiogram taken. 
When the diverticulum is retentive, the opaque fluid will be found to be 
retained in the sac. 

Prognosis. The prognosis is largely dependent upon the extent of 
damage to the upper urinary tract and bladder by back pressure and 
infection. If the damage to the kidneys is not too great, the prognosis 
is usually good, following removal of the obstructive cause of the diver- 
ticulum, and of the diverticulum itself if it is retentive. 

Treatment. Non-retentive diverticula do not require surgical re- 
moval. In these cases, removal of the obstructive cause of the diver- 
ticulum and frequent vesical irrigations are indicated. 

Retentive diverticula, occurring at any age, should be surgically re- 
moved by the one, two, or three-stage operation, as indicated. Pre- 
liminary drainage of the bladder, as a precursor to diverticulectomy, is 
just as essential as it is for prostatectomy. Removal of any existing ob- 
struction in the lower tract is also necessary (Resection of Vesical Diver- 
ticulum, p. 1111). 

N eurogen ic Abnormalities of the Bladder 

The relation between disturbances of the bladder and lesions of the 
central nervous system and peripheral innervation has of late years been 
the subject of extended investigation by both neurologists and urologists. 
There are many phases of the subject, however, that still require clari- 
fication. In urological practice, the important point is to recognize that 
a particular disturbance of urination is caused by a lesion of the nervous 
system, since the treatment of these cases differs greatly from that of 
vesical dysfunction due to mechanical obstruction or infection — although 
it must be remembered that ne urog enic, obs truc tive, and inf ectio us 
lesions may all be present in the Hme bladder. It is a fairly prevalent 
custom, even today, to classify as “neurotics” and “neurasthenics” 
patients who complain of more or less constant bladder symptoms in 
spite of negative cystoscopic findings and a normal urinalysis. While 
undoubtedly an occasional case of so-called neurosis of the bladder is 
basically neurasthenic, in many instances a careful neuro-urological 
investigation would probably reveal a definite lesion of the nervous sys- 
tem as the responsible factor in the production of the vesical symptoms. 
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Lesions of the Nervous System Producing Vesical Dysfunction. 
Lesions of the central nervous system that often cause disturbances of 
bladder function are: traumatic inju ries to the brain and spi nal co rd; 
cerebral or spinal tumors; diseases of the brain or cord, such as general 
paresis, tabes do rsalis, syphiliti c spinal paralysis, multiple scleroses, 
ataxic paraplegia, transverse myelitis, poliomyelitis, arteriosclerosis of 
the corcH spina bifida, and lesions of the cauda equina. 

Lesions of the peripheral nerves producing disturbances of urination 
arc of four types: (1) congenital, (2) inflammatory, (3) mechanical, (4) 
indeterminate. 

Of congenital lesions, spina bifida is the most common. In spina 
bifida occulta the effect upon bladder function may be the only outward 
evidence of the spinal abnormality. In the absence of interference with 
defecation, or of somatic alterations, the defect is usually assumed to 
be in the peripheral innervation of the bladder, most likely directly in the 
vesical plexus. Retention, with eventual overflow incontinence, is the 
usual clinical picture.' 

Inflammatory involvement of the peripheral nerves may occur in the 
course of diabe tes or i nfectious fever s such as scarlgi fever, d iphth eria, 
or pneumonia, or be part of an a lcoholic neuritis. Peripheral neuritis 
produceT urinary frequency and urgency, but rarely actual retention. 
Because the symptoms of these lesions resemble those of infection, and 
the irritative phase is likely to be transitory, inflammatory lesions of the 
peripheral nerves are not often described in the literature. 

A number of mechanical factors may cause injury to the peripheral 
nerves of the bladder: pressure upon the nerves by the fetal head during 
labor, or from a retroflexed gravid uterus during pregnancy, or by an 
extravesical tumor; direct surgical injury to the nerves during an opera- 
tion upon neighboring structures; and spondylolisthesis. Several de- 
cades ago Spiller described how enuresis could be induced by forceful 
stretching of the sacral nerve roots while in the sitting position. 

Indeterminate factors include vaguely understood lesions of the 
peripheral nerves resulting in various degrees of incontinence or retention. 

Clinical Types of Neurog enic Vesic al Dysfunction. Irrespective 
of whether the nerve lesion is central or peripheral, the gross manifesta- 
tions in the bladder are varying degrees of r etention and incontinenc e. 
Of clinical importance are (1) the par alytic blad der. (2) cor d bla dder, 
(3) atonic bladder, due to lesions of the peripheral nerves, (4) hypertonic 
bladder. 
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Paralytic Bladder. Paralysis of the bladder follows injury to the spine. 
The injury may be as low down as the lumbar region, including trauma 
of the cauda equina. There is complete inability to empty the bladder, 
resulting in hyperdistention, with great pain. Overflow incontinence 
follows, but the bladder remains distended. 

Gordon Holmes (1933), in his studies of the paralyzed bladders of men 
who had suffered complete transverse lesions of the spinal cord during 
the World War, noted that immediately after a complete transverse 
lesion of the cord at any level, or of the cauda equina, the bladder acts 
merely as an elastic reservoir and gives no evidence of nervous control. 
Subsequently, however, the bladder wall regains its muscle tonus to a 
certain extent, so that eventually the bladder again becomes actively 
reflex, at least in those cases where the injury is above the sacral seg- 
ments of the cord. 

More recently (1937) Thomson- Walker has expressed the same opin- 
ion: that destruction of the supralumbar or lumbar portions of the cord, 
or of the cauda equina, is followed by (1) a stage of retention and (2) 
a stage of periodic reflex micturition. The average duration of the first 
stage, he found, was about 55 days; and during this stage, after some 
hours or days, the urine begins to dribble away, the bladder remaining 
distended. The second stage develops gradually, and the periodic 
reflex contractions increase in strength until the bladder is able to empty 
itself completely. 

The diagnosis of paralytic bladder is made on the history. 

Cord Bladder. Cord bladder is the type of vesical dysfunction com- 
monly seen in lesions of the central nervous system. The predominant 
symptom is retention. There is often frequency of urination, but very 
little discomfort. 

The cord bladder, whether due to a syphilitic or other spinal cord 
lesion, is characterized by general relaxation of the bladder wall, gener- 
alized faint trabecula rions of the mucosa, re Jam f ion of the internal 
sphincter with hypertonicity of the external sphincter, and anesthesia of 
the posterior urethra and vesical neck. Typical of the cystoscopic pic- 
ture is the complete relaxation and dilatation of the vesical neck, so that 
the posterior urethra has the appearance of being a part of the bladder. 
If, during cystoscopy, the ordinary B rown -Buer ger cystosco pe can be 
withdrawn into the posterior urethra and The verumontanum observed, 
without signs of distress or protest from the patient, a tabetic bladder 
should be suspected. In tabes, the vesical signs and symptoms are 
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often the first manifestations of the nervous lesion, and may appear long 
before the disturbances of pupillary reflexes and knee jerks. Therefore, 
with the aid of the cystoscope, the urologist may often make a diagnosis 
far in advance of the neurologist. 

The diagnosis of cord bladder is usually not difficult unless mechanical 
obstruction of the vesical neck is also present. The diagnosis is made on 
the history and by cystoscopy, cystography, and cystometry. Examina- 
tion of the spinal fluid proves the presence of tabes. 

Atonic Bladder. The atonic bladder due to various lesions of the 
peripheral nerves is of clinical interest chiefly in relation to spina bifi da 
occulta and vesic al dysfunction i n children. Braasch (1925) described 
two types of atonic bladder of netlrogenic origin: (1) the large, relaxed 
bladder due to interference with the motor fi bers alon e, with rather pale 
and smooth mucosa, thread-like trabeculations, no relaxation of the 
internal sphincter, and little or no loss of sensation ; (2) the atonic bladder 
due to disturbances of both motor and sensory fibers, which may give a 
picture difficult to distinguish from cord bladder. The first type is 
usually readily differentiated cystoscopically and by cystogram, and the 
cystometrogram will show definite absence of tone of the detrusor muscle. 
With this type of bladder there is generally definite clinical evidence of 
some neurological lesion. As a rule, sensation in such a bladder is 
normal or nearly so, but control is imperfect, resulting in retention, in- 
continence, and enuresis. • 

Hypertonic Bladder. By hypertonic bladder is meant a condition 
where an urgent desire to urinate is felt when the bladder contains no 
more than 150 cc. of urine, and involuntary urination takes place if 
the hladder content is not immediately evacuated. 

Diagnosis ol Neurogenic Abnormalities of the Bladder. The diag- 
nosis of paralytic, cord, atonic, and hypertonic bladders is based on the 
findings of cystoscopy, cystography, and cystometry'. Dysfunction of 
neurogenic origin must be differentiated from that due to obstruc- 
tion. 

Prognosis. The outlook for the patient whose bladder is paralyzed 
as the result of trauma is not a bright one. Traumatic injuries to the 
cord are always grave, and even when the vesical nerves partly regain 
their tone, the hope of permanent recovery of function is not great. 
The prognosis of paralysis or atony due to syphilitic or other disease of the 
central nervous system is bound up with that of the nervous lesion. 
Antiluetic treatment has produced excellent results in some cases of 
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tabetic bladder. Automatic bladder is frequently established in com- 
plete transverse lesions of the cord, but never in incomplete cord lesions 
and peripheral involvement. Under any circumstances, the necessity 
of practicing artificial emptying of the bladder over a long period inevit- 
ably results in urinary-tract infection, so that, in the last analysis, the 
prognosis depends largely upon the extent of urosepsis. Recent ad- 
vances in the diagnosis and therapy of vesical dysfunction of neurogenic 
origin offer a somewhat more hopeful outlook for the future. 

Treatment. In all types of neurogenic bladder, catheterization should 
be avoided by every means possible because of the infection that is bound 
to follow. 

Most paralytic bladders due to trauma will satisfactorily establish an 
overflow incontinence, and, if infection can be avoided, periodic reflex 
micturition may eventually develop. Early suprapubic cystostomy 
gives relief from the agonizing pain of many of these cases, without inter- 
fering with the development of automatic function. The success of 
these measures depends upon the extent of the primary nerve injury and 
the promptness with which relief measures are instituted. 

The treatment of cord and atonic bladders is secondary to that of the 
lesion in the central nervous system and peripheral nerves. No per- 
manent improvement can be looked for unless the cause can be removed. 
This often presents a fine problem in neurosurgery. Syphi lis, diabet es, 
and pernicious anemia, all of which may produce neurogenic bladder, 
must have appropriate treatment. The treatment of the bladder con- 
sists largely in combating the inevitable urinary infection and the fre- 
quent formation of calculi. The pH of the urine can usually be con- 
trolled by appropriate drugs and diet. Permanent suprapubic cysto- 
stomy, with vesical irrigations through the tube, is often advisable. 
Some success has been reported with mecholyl and other drugs which 
act as paras ympathetic stimu lators. Urinary antiseptics should be 
regularly employed. In selected cases of cord bladder, presacral neurec- 
tomy has given excellent results in several of our cases, relieving the 
residual urine entirely and lessening the urinary infection. 

Enuresis 

Most dictionaries define enuresis simply as “the i nvoluntary discharge 
of u rine,” but in urological practice the meaning of “the term is generally 
confined to the common bed-wetting difficulties of early childhood, in 
contradistinction to the true urinary incontinence seen in adults suffering 
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from neurogenic disturbances, the after-effects of operative procedures, 
etc., and in children with congenital abnormalities such as exstrophy of 
the bladder, epispadias, and valves of the posterior urethra. While 
enuresis in the great majority of cases can be relieved by the establish- 
ment of proper habits and env ironment, incontinence usually requires 
resort to surgery, and, because ofits more serious character, is much less 
favorable in its prognosis. 

Enuresis, particularly the nocturnal variety, is not to be regarded as 
abnormal up to the age of 3 years. Usually, by the end of the first year 
of life the child has begulTto acquire voluntary control of the bladder 
function, at least during the daytime. By the end of the second year 
most children have gained complete urinary control, and any child who 
still has involuntary urination when he has reached 3 years of age, may 
properly be said to suffer from enuresis. Functional enuresis is not, 
therefore, a disease but simply the persistence of an infantile condition 
or habit. 

Etiology. The cause of this persistence, in many cases, can never be 
satisfactorily determined. Frequently, of course, it is due to failure of 
parents or attendants to establish habits of bladder control in the first 
year or so of life. It has frequently been observed that many children 
presenting this condition are exceedingly active and nervous, and often 
do not get enough rest to counteract the strain of a long and active day. 
It is possible that general bodily fatigue may be responsible for the 
prolongation of the enuresis in these cases. In the Navy, where men are 
required to sleep on their backs in hammocks, there are found a certain 
number of adult cases of enuresis. 

Psychic factors loom large in the opinion of many pediatricians, as 
well as other observers, both lay and medical. Campbell claims that 
enuresis fs much more common in institutional children than in those 
from normal private homes. He also observes that the child usually 
“directs his enuresis towards his mother” — that is, he uses it as a device 
to obtain maternal attention. This experienced urological pediatrician 
advocates the father taking the mother’s place in ministering to bed- 
wetters (waking in the night, etc.) so that this fixation upon the mother 
may be broken up. There is no doubt that in many cases a wrong atti- 
tude on the part of one or both parents may have strong etiological 
bearing. 

In many cases, enuresis results from some definite local abnormality 
requiring correction: phimosis, re dundant pr epuce, adherent clitoris, 
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congenital narrowing of the meatus, anal fissure, vaginitis, etc. The 
more serious congenital urological and neurogenic lesions are discussed 
elsewhere. Malnutrition, diabetes, and naso-pharyngeal obstruction 
may also be responsible. Cystitis and pyelitis should be ruled out. 
Excessive acidity or alkalinity of the urine may promote vesical ir- 
ritability which will lead to involuntary evacuation of the bladder even 
when it contains but a small amount of urine. Both boys and girls have 
been found to have congenital stricture of the bladder neck, with an effect 
upon the upper urinary tract not unlike that seen in elderly prostatics. 
Children thus afflicted are subject to overflow incontinence not recog- 
nized as due to retention. 

Butterfield (1930) states that he has encountered numerous cases of 
nocturnal incontinence, and occasional cases of frequent urination, all 
with clear and uninfected urines, which failed to respond to the usual 
methods of treatment; and that in every instance in which cystoscopy 
was permitted, definite changes at the bladder neck (thickening, infil- 
tration, cystic masses), with varying amounts of residual urine, were 
found. This emphasizes the importance of investigation of the child's 
vesical orifice and urethra in obstinate cases of enuresis; and with the 
Butterfield baby cysto-urethroscope (p. 89), such investigation, as well 
as treatment of the condition, may readily be done, even in very young 
infants. In many instances the mere passing of the cystoscope, by 
dilating the orifice, results in a clearing up of the irritation ; in others, 
fulguration or other treatment is necessary. 

Symptoms and Diagnosis. The only invariable symptom is the in- 
voluntary discharge of urine, usually during sleep. All young bed- 
wetters are very sound sleepers and not only fail to wake during the 
urinary' act but sleep in wet clothing as well. Sometimes the child is 
of a neurotic type, but just as often enuresis is found in otherwise normal 
children who display no nervous symptoms or emotional instability. 
If the enuresis is due to an organic lesion, other symptoms common to 
the particular ailment may be present. 

A thorough examination is necessary to rule out all possible causes of 
unusual frequency and involuntary' micturition — systemic, neurological, 
and urological. 

Prognosis. In young children, the prognosis is usually good, if vigor- 
ous measures are used, and if there is no serious physical abnormality 
or mental deficiency. In older patients, the results of treatment arc 
less certain, particularly if the habit has persisted over many years and 
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if there are present urinary-tract abnormalities which have produced 
extensive impairment of renal function. Even after removal of the 
organic lesion, the enuresis may persist as a habit. 

Treatment. If a local organic cause for the incontinence is found, 
this, of course, must be removed. 

Cases of functional enuresis in children are most successfully handled 
by the establishment of proper habits. Never punish a child for wetting 
his bed; rather, praise and reward him when he succeeds in getting 
through the night dry. The child should be sent to the toilet at fre- 
quent intervals during the day and just before retiring, and wakened 
during the night before the accustomed time of bed-wetting. He should 
be prevented from lying on his back by having a knotted towel tied 
about him. Fluids should be withheld after the evening meal, which 
should be a light one. The establishing of regular habits, in combina- 
tion with careful attention to diet, and the abolition of fatiguing and 
exciting factors in the child's mental and physical life, will usually serve 
to correct most cases of functional enuresis. 

If all measures fail, hospitalization of the child for a week or two will 
sometimes accomplish the desired cure by its psychic effect. 

Incontinence of Urine 

True incontinence of urine is seen in children in association with 
congenital malformations, such as exstrophy of the bladder, epispadias, 
extravcsical ureter, and patent urachus , and in malformations of the 
nervous system, such as spinaHjifida. 

In the adult, aside from the cases of infantile enuresis which have 
been permitted to persist into adult life, there is a distinct group in whom 
the inability to control the urine is due to other causes — congenital or 
acquired. These have been grouped by Farman as follows; (1) urethral: 
urethrocele, stricture, diverticulum, tumor, caruncle, paresis of sphincter, 
trauma to urethral sphincters, incomplete union of voluntary and involun- 
tary fibers of sphincter (nullipara) ; (2) vesical: tumors, tuberculosis, ad- 
vanced cystitis (interstitial), relaxation of vesical wall due to childbirth 
(a) total disruption of tissues — fistula, (b) alteration of tissues and vesical 
sphincter (partial or complete incontinence), cystocele, mechanical oc- 
clusion of vesical outlet (overflow incontinence) ; (3) gynecologic-obstetri- 
cal: injury at childbirth, injury during gynecological surgery, fibroid (com- 
pression of bladder), ptosis of uterus, vesicovaginal fistula, urethrovaginal 
fistula, ureteiovaginal fistula, symphysiotomy; (4) nervous system: de- 
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fective innervation of the sphincters, meningo-vascular syp hilis — irrita- 
tive type, tabes dorsalis— destructive type, spinal cord tumor or injury, 
neurogenic bladder (a) supranuclear lesions, (b) nuclear and infranuclear 
lesions; (5) systemic causes: hysteria, neurasthenia, severe toxic state, 
highly acid urine (urgency rather than true incontinence). Most of these 
factors have already been considered. 

In the female, a relaxed vesical sphincter is a not infrequent cause of 
incontinence in women who have borne children, especially those who 
have undergone difficult instrumental labors. This incontinence may 
appear immediately after delivery, or several years may elapse before 
urinary control is lost. When seen in women who have neither borne 
children nor undergone an abdominal operation, it must be attributed 
to nervous disturbance or progressive muscular weakness. 

It is most important that the cause of the incontinence be determined 
with certainty before surgical correction is undertaken. Incontinence 
arising from disease of the central nervous system, for example, is seldom 
amenable to surgical correction. 

The operative treatment of urinary incontinence is discussed under 
Operative Treatment of the Bladder (p. 1137). 

Lesions of the Urinary Bladder in Children 

Cystitis is the most common vesical abnormality encountered in chil- 
dren, and is invariably an accompaniment of upper urinary-tract infec- 
tion. The most important part of the treatment is the elimination of 
the extravesical source of infection. Locally, the bladder is treated in 
much the same manner as in adults. 

Exstrophy of the bladder is best repaired in early youth, to prevent the 
probability of cancer of the abnormal bladder and the fatal infection 
of the urinary tract which sometimes results from ureteral transplanta- 
tions in adults, but rarely in children. 

Vesical stone has become a rare lesion in the United States and most 
European countries, although it is common in India and certain other 
regions. Suprapubic lithotomy is the treatment of choice when the 
patient is a child. 

Diverticulum of the bladder is rare in children. 

Incontinence due to spinal bifida may be relieved by the method 
developed by Lowsley and described on page 1137. 

Bladder tumors are rarely encountered in children. A review' of the 
literature by Deming, in 1924, revealed only 64 authentic cases seen in 
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the first decade of life. Rathbun (1937) collected 75 cases, which he 
tabulated as follows: 


Sarcoma 

Myxoma 

Myxosarcoma .... 
Neurogenic sarcoma . 
Fibroma . . 

Fibromyoma 
Neurofibroma . . . 
Myoma 
Rhabdomyoma 
Polyps (benign) . . 
Dermoid . . . 

Papilloma 
Hemangioma 


c »j« 

38 

16 

4 
1 

5 

1 
1 
1 

2 
2 
1 
1 
2 

IS 


Tumors in children are regularly mesothelial in nature, epithelial 
growths being almost unknown. Not only are sarcomas the most com- 
mon; they are also the most intensely malignant. They may be observed 
at any age, but occur most frequently before the fifth year. The prog- 
nosis, even when the tumors are seen early, is uniformly poor. 

As is the case with adult patients, the symptoms of bladder tumor in 
children are few and frequently misleading. The most common symp- 
tom is painless hematuria. This, however, may not occur until late, 
since blood usually enters the urine only after ulceration has taken place, 
and mesothelial tumors are slow to ulcerate. Urinary difficulties consist 
of frequency, urgency, tenesmus, incontinence, and, if the tumor grows 
rapidly or is located near the internal sphincter, retention. The papil- 
lomas of adult bladders produce greater suffering than the mesothelial 
growths seen in infants and young children; but in trigonal growths 
the pain may be very' severe, being usually referred to the lower part 
of the abdomen. 

Most vesical neoplasms seen in children run a rapidly fatal course no 
matter what the treatment employed. Even the histologically benign 
growths may prove fatal because of their location or the complications 
which they induce. In general, remedial measures for the rare blad- 
der tumors of childhood follow along the same lines as those employed 
in adult patients. The small caliber of the child’s urethra makes 
transurethral maneuvers difficult; therefore open operation will be found 
more desirable. 
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CHAPTER XXXII 


OPERATIVE AND NON-OPERATIVE TREATMENT OF 
THE BLADDER 

A. Operative Treatment of the Bladder 
Anesthesia 

Bladder operations in our clinic are usually done under regional or 
local anesthesia. Local infiltration anesthesia, with novocaine, 1 per 
cent, may be used if a cystostomy only is to be performed. Spinal or 
sacral anesthesia, however, is used in the great majority of bladder opera- 
tions. 

For children and highly nervous patients, general inhalation anesthe- 
sia is preferable. 

The various methods of producing anesthesia are described in the 
chapter on Anesthesia in Urology. 

Preoperative Preparation 

The preoperative preparation of the patient is most important. Usu- 
ally, if the bladder shows signs of infection, vesical irrigations with 
suitable antiseptic solutions are given for several days before operation 
and urinary antiseptics administered orally, but in emergencies these 
preliminaries must sometimes be dispensed with. Fluids should be taken 
freely up to the time of operation, unless inhalation anesthesia is to 
be used. 

The patient is prepared in the customary' manner in regard to cathar- 
sis and enemas. A soapsuds enema is given the evening before the 
operation, and a sedative, such as phenobarbital or nembutal, 0.1 Gm. 
to insure a restful night. If regional anesthesia is to be used, the 
patient is permitted a light breakfast and fluids. 

One hour before going to the operating-room he is given additional 
analgesic medication by mouth. Phenobarbital or nembutal, 0.2 Gm., 
is satisfactory' (Preliminary Medication, p. 191). 

Preparation of Operative Field 

The skin of the abdomen and pubes is shaved and cleansed with 
tincture of green soap and warm water, followed by alcohol, 70 per cent, 
1102 
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and sprayed with tincture of merthiolate, 1:1,000, tincture of zephiran, 
1 :1,000, or other preferred antiseptic. 

r Just before operation, a urethral catheter is introduced into the blad- 
der and the bladder irrigated and moderately distended with acriflavine, 



Fig 239. Suprapubic cystostomy. (1) Inverted-V incision through the skin. (2) 
The incision is deepened through the fascia of the rectus muscle on each side. (3) The rectus 
muscle may be cut through, as illustrated here, or separated and retracted. (4) Dissection 
is carried down along the urachus until the fop of the bladder is reached; the peritoneum is 
then carefully pushed back, exposing the vault of the bladder. 

1:6,000, the end of the catheter being clamped to prevent outflow of 
the fluid. 


Position of Patient on Operating-Table 
The patient is placed on the operating-table in the Trendelenburg 
position. 
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Incisions for Approaching the Bladder 
There are a number o! incisions for approaching the urinary bladder. 
The vertical incision in the midline is the one most commonly used. 
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Fig. 240. Suprapubic cystostomy. _ (1) The bladder wall is grasped with Allis clamps, 


Some surgeons prefer the transverse incision. The Pfannenstiel curved 
incision is often considered desirable when wide resection of the bladder, 
for tumor or diverticulum, is to be done. 
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Lowslcy, in most of his operations upon the bladder, prefers the 
inverted- V incision. The apex of this should be well above the point 
to which the dome of the distended bladder would reach. For an 
ordinary suprapubic cystostomy, the incision is made so that the apex 
of the inverted-V comes at a point about three-fourths of the distance 
between the symphysis pubis and the umbilicus. In cases requiring 
wider exposure of the bladder, such as resection of the bladder for vesical 
neoplasm with transplantation of a ureter, or resection of a vestcal 
diverticulum, the incision of choice is the Pfannenstiel, which lays open 
the entire pelvis. 

Suprapubic Cystostomy 

The incision selected is made through the skin and deepened through 
the fascia. The recti muscles are either separated or cut across, as 
indicated. The bladder (distended with acriflavine or rivanol dextrose) 
is exposed, being recognized by the richness of its blood supply and the 
characteristic muscle fibers. The wall of the bladder is grasped with 
Allis clamps. The bladder is then incised to the desired length between 
the clamps and the irrigating fluid sucked out with the usual protected 
suction device. 

If a plain cystostomy is to be done, a double suction tube (Kenyon) 
is fixed in place with plain catgut at the highest point in the vesical inci- 
sion and the highest point in the abdominal wound. The bladder wall 
is repaired by catgut sutures, one of which is tied around the suction 
tube. A small cigarette drain is inserted along the suture line of the 
bladder. The abdominal wound is closed in layers, using plain catgut 
for the recti and fascia, and, for the skin, interrupted silk, dermal, or 
silkworm gut sutures, one of which is tied around the double suction 
tube, fixing its position at the surface. By thus fixing the tube at the 
highest point in the vesical and skin incisions, the tube is brought 
through the abdominal wall obliquely. 

When the bladder is opened for the purpose of exploring its interior, 
encroachments on the vesical orifice are noted and the bladder searched 
for calculi, foreign bodies, tumor, ulceration, diverticulum, etc. Re- 
moval of calculi is usually accomplished by the introduction of forceps 
or a lithotomy scoop. The possibility of more stones being concealed 
in a diverticulum must always be kept in mind. (The resection of tumor 
is discussed on page 1106; of diverticulum, on page 1111; of ulcer, 
on page 1113). 

The reader is also referred to the technic of preliminary cystostomy 
described under Prostatectomy, on page 886. 
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Resection of the Bladder Wall 

Notwithstanding the extensive use of newer methods of treatment— 
figuration and diathermy, and irradiation— resection of the bladder 
wall still has a wide usefulness in a number of vesical conditions, chiefly 
certain cases of malignant neoplasm, diverticulum, and, less frequently, 
ulcer and leukoplakia. 

RESECTION OF THE BLADDER WALL FOR MALIGNANT TUMOR 

Radical resection is the treatment of choice whenever an infiltrating 
tumor of the bladder is so located that its excision is possible (Tumors of 
the Bladder, p. 1058). 

After the diagnosis has been made by biopsy, and the location and 
extent of the tumor determined by cystoscopy, the surgeon prepares 
to remove the tumor-bearing portion of the bladder wall with a sub- 
stantial cuff of healthy tissue. We do not agree with those who free 
the entire bladder in such cases, believing that wide mobilization disrupts 
the vesical blood and lymphatic supply to such an extent that necrosis 
of the entire bladder not infrequently results. In our practice it is 
therefore customary to mobilize only that part of the bladder to be 
resected. 

Since vesical tumors are often located low down on the lateral wall or 
trigone, where the growth involves a ureteral orifice, it is frequently 
necessary to implant the ureter on the involved side to a point higher up 
on the bladder wall or to the skin of the loin or groin. 

Technic. After the site and extent of the tumor have been deter- 
mined by cystoscopy, the bladder is exposed through a Pfannenstiel, 
transverse, or inverted-V incision, which is deepened through the fascia, 
and the recti muscles either separated or cut across, as indicated. The 
bladder, distended with acriflavine or rivanol dextrose, is grasped with 
Allis clamps, the wall incised between the clamps, and the contents 
removed by suction. The tumor is then carefully examined. 

The bladder is separated from the surrounding structures just enough 
to allow of excision of the tumor mass with a wide cuff of normal bladder 
wall. The vesical wall is incised down to the tumor, and the tumor 
excised with the scalpel or scissors — rubber-covered Kocher damps being 
used to prevent bleeding and necrosis. Great care must be exercised 
not to squeeze out cancer cells by rough handling of the tumor mass. 
The surrounding surface is treated with carbolic acid, 50 per cent in 
glycerine, followed by alcohol, 70 per cent, in order to kill any tumor 
cells that might have been transplanted. 
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inidline. 

A running stitch o! plain catgut is used to repair the bladder wall. 
A double suction tube (Kenyon) is fixed in the highest point of the 
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is completed, as we thus take care of any possible extension of the malig- 
nant process which may have remained outside the line of resection. 


r* 



(2) The drainage 
trains are placed in 


Because a wound in the bladder wall, produced by the cautery or elec- 
tric wire, causes extensive necrosis which is slow to heal, we think it 
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wiser to excise the tumor with a scalpel, cauterizing the surface with 
carbolic acid followed by alcohol. Some surgeons, however, prefer to 




excise the tumor with the electrocautery. Radon seeds may be inserted 
into the cut edges of the wound before closing it. 
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RESECTION OF VESICAL DIVERTICULUM 

Large, retentive diverticula should be surgically removed. A one, 
two, or three-stage procedure may be done, according to the indications 
of the particular case. In the three-stage operation described by Lowsley 
and Gutierrez in 1928. the first stage is drainage of the bladder, to secure 
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proper excretory function; the second stage, the relief of obstruction due 
to an enlarged prostate, a congenital valve, or other cause; and the third 
stage, resection of the diverticulum. 

Technic. The bladder, distended with a mild antiseptic fluid, is 
exposed by the method indicated in the particular case (Incisions for 
Approaching the Bladder, p. 1104). The wall of the bladder is grasped 



FlG. 246. Large papilloma in a diverticulum of the bladder. 


■with Allis clamps, punctured, and the viscus drained by suction. The 
bladder is then opened widely by a long incision between the clamps. 

The orifice of the diverticulum is identified and an incision made down 
the bladder wall to it. The operator’s finger is inserted into the diver- 
ticulum, and its outer wall is carefully freed from the surrounding struc- 
tures. After it has been completely isolated, the diverticulum, with 
its entire orifice, is resected. 
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The resulting hiatus of the bladder wall is closed with a running catgut 
suture. Ail parts of the pelvis that have been exposed are carefully 
drained with Penrose drains. The bladder wound is closed with catgut, 
a double suction tube (Kenyon) being fixed in the highest point of the 
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tion if possible. This can be accomplished in those cases where the 
disease is limited to the vertex and anterior wall, and it is occasionally 
possible to separate the involved peritoneum when a portion of the blad- 
der covered by this structure is involved in the ulcerative process. More 
often, however, it will be impossible to avoid breaking through either 
the peritoneal covering or the bladder itself. Experience has taught 
that the best method of separating the peritoneum is first to brush back 
the vertex portion as far as it will go with ease; then, instead of persisting 
in trying to carry’ this separation further down the posterior wall from 


Fig 248. Diverticulum of the bladder containing a tumor (specimen removed at opera 
tion) (a) Shows tumor within the diverticulum (b) Tumor drawn outward through the 
orifice 


the vertex, free the lateral walls down to the ureteral region on each side. 
From near the base, in the lateral or ureteral regions, it will be possible 
to work toward the midlinc about the base of the bladder, and, after 
separating the peritoneum in the ureterovesical region, to come forward 
on the posterior wall until the entire peritoneum, except the urachal 
portion, is freed. The freeing of the urachal portion can be done with 
less danger of entering the peritoneum if done as the final, rather than 
the first, step of the separation. 

The cystoscope should always be used in determining where the blad- 
der should be opened, so that cutting down upon the inflammatory’ area 





the bladder, the edema, which has arisen since the preliminarj' cys- 
toscopy, may have caused so much swelling of the mucosa as completely 
to hide the two or three small ulcers that had been visible through the 
cystoscope; but in many cases this preliminary examination will cause 
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so much bleeding from the ulcers that their whereabouts will be easily 
ascertained. 

After the diseased area has been excised, the bladder wall is repaired 
with a running stitch of plain catgut. A retention catheter should be 
inserted and sutured to the bladder wall, and all parts of the exposed 
area drained with Penrose drains. The external wound is closed about 
the drains in the usual manner. 


diverhculum 




Postoperative Care. The drains are removed at the end of the second 
day, and irrigations given through the catheter, employing for this 
purpose acriflavine or rivanol dextrose, 1 : 8,000. With the patient on 
his side, several irrigations should be given at each session, a small 
amount of fluid being run in and immediately withdrawn. On the tenth 
to fourteenth day, according to the rapidity with which recovery has 
taken place, the catheter should be removed, and the irrigations there- 
after given through the urethra each day until it can be demonstrated 
that the bladder is entirely free from infection. 
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RESECTION OF THE BLADDER WALL FOR LEUKOPLAKIA 

Leukoplakia (p. 1019) is preferably treated by resection, if the involved 
portion of the bladder wall is not too extensive and is so located as to 
be accessible to surgery. Resection in such cases follows along the same 
lines as for tumor. 



Cystectomy 

There has been a renewal of interest in recent years in the possibility 
of curing certain types of carcinoma of the bladder by total cystectomy 
(Tumors of the Bladder, p. 1059). This has been due primarily to the 
perfecting of methods of transplanting the ureters. Cystectomy, with 
ureteral transplantation, is also applicable in the treatment of (1) exstro- 
phy of the bladder, (2) certain cases of vesicovaginal fistula which have 
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not been benefited by plastic operation, (3) occasionally in very severe 
and stubborn cases of localized submucous cystitis. 

The ureters may be implanted into the skin of the back or groin, or 
they may be transplanted to the large intestine. The latter is the more 
ideal procedure, but is not always feasible. When ureterocutaneous 
anastomosis is (lone, both ureters are transplanted simultaneously and 
the bladder subsequently removed together with the seminal vesicles, 

diverticulum 



Fic. 252. Divertieulectomy. After it has been completely isolated, the diverticulum, 
with its entire orifice, is resected. Showing the orifice of the diverticulum opened and the 
freed portion of the sac being excised. 

but leaving the prostate unless its removal is specifically indicated. 
When the ureters are transplanted to the sigmoid or rectum, the opera- 
tion is done in three stages, the ureters being transplanted in two opera 
tions and the bladder removed after a suitable period has elapsed. 

Before subjecting the patient to this serious procedure, he must be put 
in the best possible physical condition. The length and nature of the 
preoperativc preparation depends upon the state of the renal function 
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and, if transplantation to the intestine is to be done, upon the condition 
of the colon. Adequate preoperative preparation will lessen the dangers 
of postoperative complications. 

Transplantation of the ureters is discussed under Operative Treatment 
of the Ureters (p. 1324). 



Technic of Cystectomy. A Pfannenstiel incision is deepened through 
the subcutaneous tissue and fascia, and the recti muscles either separated 
or partially severed, in order to expose the pelvic region as fully as pos- 
sible. The bladder is identified, grasped with Allis clamps, and the 
fluid with which it is distended is allowed to flow out. 

The bladder is carefully dissected free from its surrounding tissues, the 
blood vessels being severed and ligated as necessary. The seminal vesi- 
cles are usually removed with the bladder, the ampulla of the vas on 
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each side being ligated and cauterized. At the vesical orifice the incision 
is made to include the entire internal sphincter, but not the prostatic 
urethra. This is cut across and the severed urethra stitched up. 



FiC. 2S4. Diverticulectomy. Method of placing the drainage tube and Penrose drains after 
the removal of a diverticulum, (a) Closure of the skin. 


Many Penrose drains are inserted at the proper places, to carry off the 
excess serous discharges. The wound is closed in layers, using catgut 
for the muscles and fascia, and dermal, silk, or silkworm gut for the skin. 


Surgical Treatment of Rupture and Wounds of the Bladder 
Rupture of the bladder is an emergency condition of the first magni- 
tude. The diagnosis should be made, and surgical treatment instituted, 
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within a few hours (Injuries to the Bladder, p. 986). Negley (1927) 
showed that the mortality in operations performed in the first 12 hours 
was only 11 per cent; in the second 12 hours, 22 per cent; and on the 
second day, 43 per cent. When the history and findings indicate rupture 
or a penetrating wound of the bladder, even if the diagnosis has not been 
definitely established, suprapubic exploration of the bladder is advisable, 
since delay in treatment is fatal (Suprapubic Cystostomy, p. 1105). 

The procedure to be followed will vary' with the location of the rupture, 
the presence or absence of infection, and the associated injuries. In 
general, the primary' aims of surgery' are the repair of the rent, drainage 
of the infiltrated areas, and drainage of the bladder. 

The establishing of free suprapubic drainage, at the earliest moment, 
is of the utmost importance in all cases of bladder rupture, whether the 
rupture be extraperitoneal or intraperitoneal. In small, uncomplicated 
extraperitoneal ruptures and wounds, adequate suprapubic bladder 
drainage may be all that is necessary, if extravasation has not yet set in. 
In most instances, however, extravasation has already taken place, and 
abdominal, prevesical, and even perineal drainage may be needed in addi- 
tion to the cy'stostomy. 

Technic. Intraperitoneal Rupture. If intraperitoneal rupture is 
present, the fluid is aspirated. The vesical tear is located and repaired 
with catgut and the peritoneum closed, if the case is seen early, before 
infection has set in. Suprapubic drainage of the bladder, with a double 
suction tube, keeps the viscus dry and prevents urinary leakage, and 
should be maintained until healing takes place. If there has been ex- 
travasation of urine into the peritoneal cavity, a drain is placed in the 
cavity. Flushing out the abdominal cavity in cases of intraperitoneal 
rupture is considered unnecessary by most authors. 

In very extensive lacerations of the bladder and adjacent tissues the 
precarious condition of the patient may make complete repair inad- 
visable. In such cases it is wiser to control hemorrhage, provide free 
drainage, and administer supportive treatment. 

Extraperitoneal Rupture. In extraperitoneal rupture the rent usually 
occurs just behind the interureteral ridge, where it is easily identified and 
closed with two or three plain catgut sutures. The bladder is then closed 
around a double suction tube, and the skin incision closed in the usual 
manner. 

Injuries involving the floor of the bladder, and with extravasation 
into the deep pelvis, may require perineal as well as suprapubic drainage. 

Of late years another type of extraperitoneal rupture has occasionally 
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occurred, namely, rupture at the vesical neck, caused by the electrical 
loop in vesical neck resection. When this occurs, in spite of the fact 
that the patient is under spinal anesthesia he will complain bitterly of 
pain as the fluid passes out into the perivesical tissues. The course of 
procedure in such instances is immediate suprapubic cystostomy, with 
drainage both inside and outside the bladder, the tear being stitched up 
if it can be located— which it usually can. 

Surgical Treatment of Exstrophy of the Bladder 

The treatment of exstrophy of the bladder is entirely surgical. The 
condition of the victims of this anomaly is so pitiful that any measures 
for their relief, no matter how uncertain the results, will usually be wel- 
comed by the patient and his relatives. Surgical intervention should 
be undertaken as early in life as possible, although the deformity has 
been successfully corrected as late as the fortieth year. Without opera- 
tion, however, a large proportion of these sufferers die in infancy or early 
childhood from ascending infection, and few survive the twentieth year 
(Exstrophy of the Bladder, p. 960). 

Three types of operations are used in the effort to correct this condi- 
tion: (1) plastic operations designed to repair the defect in the bladder 
wall; (2) transplantation of the ureters to the skin, so that the urine can 
be collected in a special receptacle; (3) transplantation of the ureters 
into the rectum or sigmoid and extirpation of the bladder. The last 
procedure is regarded as best by most surgeons who have concerned 
themselves with this difficult problem. 

Plastic Operations for Repair of the Bladder Defect. The first at- 
tempt to reconstruct the bladder in accordance with modem surgical 
methods was made by Roux in 1852. The most widely employed of the 
earlier procedures was that of Sonnenberg, performed upon the male. 
This consisted of freeing the posterior vesical parietes from the peri- 
toneum, covering the exposed peritoneum by two lateral flaps, freeing 
the ureters beneath the edges of the flaps at the point where the epi- 
spadiac urethral sulcus begins, and inserting the ureters into the newly 
formed bladder wall. These earlier flap operations were attended by a 
high mortality, and resulted, for the most part, in partial or com- 
plete failures. 

Of more recent procedures, the most commonly employed have been 
those of Thiersch and Wood. Wood’s operation consists in turning down 
a piriform flap of skin and fascia from the abdominal wall near the 
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umbilical region, so that the cutaneous side of the flap will serve as a 
lining membrane for the new anterior wall of the bladder. Lateral flaps 
are turned up from the inguinal region and rotated inward toward the 
median line so that the upper and inner margins are brought into juxta- 
position and can be united by interrupted sutures. The surfaces which 
are left exposed by the turning down of the flaps are either sutured or 
allowed to heal by granulation. This method requires numerous opera- 
tions and is, therefore, a decidedly tedious matter. Unless the skin is 
depilated before the flap is turned down, the hair follicles upon the skin 
surface (which is now within the bladder) continue to produce hair, 
which serves to form phosphatic deposits in the artificial vesical cavity 
and may prove very troublesome. Although the operation reduces the 
wide expanse from which urine can escape, it in no way relieves the 
incontinence, and merely makes practicable the use of a receptacle for 
collecting the urine as it escapes. 

Direct union of the fissured edges is sometimes attempted, utilizing the 
technic of Trendelenburg. He endeavored to do away with the pubic 
diastasis by cutting through on both sides of the sacroiliac synchon- 
drosis, applying a mechanical device which pressed the symphysis 
together, and immobilizing the patient for several weeks, the bones being - 
later sutured together. In order to make a sphincter capable of con- 
tracting, free incisions were made in the upper wall of the funnel formed 
by the bladder and in the prostatic urethra, the resulting wound being 
united by Lembert sutures. According to Thiersch, this technic is only 
applicable when a large portion of the bladder wall is present; otherwise 
there would be insufficient material for the formation of a reservoir. 

The end-results of these and other plastic procedures have usually 
been unsatisfactory. 

Transplantation of the Ureters to the Skin. The ureters are sometimes 
brought out through the back (lumbar ureterostomy) or groin (iliac 
ureterostomy) and transplanted to the skin, so that the urine can be 
collected in an especially constructed urinal. While the patient in some 
instances has been able to enjoy a fairly comfortable existence, the urine- 
collecting apparatus is inconvenient, and ascending infection is common 
in spite of careful protection of the ureteral openings. 

Transplantation of the Ureters to the Large Intestine and Removal 
of the Bladder. Transplantation of the ureters to the sigmoid or rectum 
is now generally regarded as the best means of dealing with this distress- 
ing condition. It is usually accomplished in two stages. When the 
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patient has recovered from, the operations for deflecting the urine into 
the bowel, the exstrophied bladder is removed and the defect in the 
muscular wall repaired by bringing the recti together. 

The great drawback to uretero-intestinal transplantation has been the 
danger of ascending infection, which has persistently nullified the efforts 
of surgeons through many years. With increase in surgical skill and 
improvement in aseptic methods, however, this danger has been mate- 
rially lessened, and the consensus of opinion now is that the danger of 
infection from a ureter transplanted into the rectum or sigmoid is no 
greater than that from one exposed in the exstrophied bladder, or from 
one transplanted to the skin of the back or groin, where it meets with 
no such natural defense as within the rectum. In addition, transplanta- 
tion of the ureters to the intestine affords the patient the enormous 
benefits of sphincteric control, enabling him to live a normal life. Ure- 
teral transplantation is discussed under Operative Treatment of the 
Ureters (p. 1324). 

Operative Treatment of Vesical Calculus and Foreign Bodies 

Operation for the removal of vesical calculus is probably the oldest 
•surgical procedure of which we have record. The consideration of 
methods for removing stones from the bladder looms large in very early 
medical literature, and the history of surgery during the Middle Ages is 
almost entirely a record of these attempts. The older procedures were 
carried out through the perineum (low lithotomy), but with the intro- 
duction of better surgical methods and modern conceptions of asepsis, 
the suprapubic route became the one regularly employed for open 
operation. 

More than a century ago the advantages of crushing the stone by 
instruments introduced through the urethra were plainly recognized. 
In 1824 Civiale introduced the first lithotrite, and in 1878 Bigelow, of 
Boston, employed the modem operation of litholapaxy, in which the 
calculus is crushed and the fragments evacuated through a metal tube 
at the same sitting. Since Bigelow’s epochal contribution, there has 
been little change in litholapaxy except the introduction of the visualizing 
lithotrite. 

Choice of Operation. Stones associated with hypertrophy of the pros- 
tate, vesical diverticulum, or other conditions for which operation must 
be done, arc usually removed in the course of the prostatectomy or 
diverticulectomy. Small or medium-sized stones may be removed 
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through the urethra wife a rongeur, such as the Lowsley cystoscopic 
rongeur (p. 105). Other stones must be removed either through a supra- 
pubic cystostomy incision (suprapubic lithotomy) or by litholapaxy. 

The choice of operation depends upon the size and hardness of the 
stone, the age and physical condition of the patient, the presence or 
absence of associated urethral, vesical, or vesical neck abnormalities, 
and the experience of the surgeon. 


Suprapubic lithotomy is the operation of choice when the stone is 
large (2 cm. or more in diameter) ; when there are complications, such 
as vesical tumor or ulceration (producing bleeding), diverticulum, ure- 
thral stricture, marked cystitis, or prostatic obstruction ; and when there 
is advanced renal disease, or the systemic state of the patient is otherwise 
poor. It is also preferable fer the occasional operator, who has not 
made a special study of the proper technic of litholapaxy. 

Only small or medium-sized stones should be crushed by means of a 
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lithotrite. Large stones are unsuited to crushing. For smaller stones, 
a visualizing instrument, such as the Kinvin cystoscopic lithotrite 
(p. 106), is very satisfactory. Litholapaxy is definitely an expert’s 
operation, but in the hands of a skilled operator the mortality is low. 
Continental surgeons and, particularly, British surgeons who have per- 
fected their technic by extensive experience in the Orient, where vesical 
stone is common, report a very' low mortality. Many of the deaths 
which have occurred following litholapaxy have been due to rupture of 
the bladder wall, an accident very unlikely to occur with one who has 
mastered the proper technic. Bladder rupture appears to be as fre- 
quent with the visualizing as with the non-visualizing lithotrites. The 
mortality in suprapubic lithotomy is usually given as 8 to 10 per cent. 
These figures, while high for a large clinic with modern facilities, can 
probably be accepted as a fair average for surgeons in the United States as 
a whole. (In our own service, the mortality in 73 cases was 4. 1 per cent). 

Given an experienced operator, the lower mortality of litholapaxy 
is an advantage, as is also the shorter convalescence; and the procedure 
should probably be utilized more often than it now is in properly selected 
cases. A disadvantage of litholapaxy is that recurrences are more fre- 
quent by reason of the fragments left behind. 

The treatment of foreign bodies in the bladder is, in general, the same 
as that of calculus. If cystoscopic inspection shows the encrusted 
mass to be small enough to pass readily through the urethra, it can 
generally be removed, entire, with the Lowsley cystoscopic rongeur or 
a similar instrument. Fairly large masses may sometimes be crushed 
with the lithotrite and removed in fragments; but if the stone is very 
large, or formed about a very hard object, suprapubic cystostomy is 
the only recourse. 

Suprapubic cystostomy is described on page 1105. 

Litholapaxy 

Instruments. There are many instruments for crushing and removing 
stones from the bladder now on the market. These are of two types — 
visualizing and non-visualizing lithotrites. The latter do not differ 
fundamentally from the pioneer invention of Bigelow, although numer- 
ous modifications of both the lithotrite and evacuator have appeared. 

The cystoscopic lithotrite is not as strong as the non -visualizing instru- 
ment, and may break if an especially hard stone is encountered and 
extreme force is applied. For the removal of small stones, however, 
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it is excellent. Twinem (1936) conducted some very interesting experi- 
ments to determine how great this danger of breakage really is. By 
these tests he was able to ascertain (1) the exact amount of force required 
to crush calculi of various sizes and compositions; (2) the extreme limits 
of crushing strength of live Jithotriies — four visualizing and one non- 
visualizing; (3) the ratio of the amount of force required to crush a 
calculus to the diameter of that calculus. Uric acid stones were found 
to be the most resistant, with calcium oxalate second, and phosphatic 
calculi the least resistant. It was found that to crush a uric acid 
stone, applying force through its smallest diameter of 1.6 cm., a pres- 
sure of 162 pounds was required. Therefore, to crush a stone of this 
composition even 1 inch in diameter (which almost all operators would 
consider small enough for crushing), would require 200 or more pounds 
of pressure — an amount greater than the limits of safety of some litho- 
trites. The blind instrument stood up much better in this test than the 
cystoscopic lithotrites. 

Contraindications to Litholapaxy. Contraindications to lithol- 
apaxy are: 

(1) Stones of large size, or of very hard consistency and above a 

certain size. The hardness of a stone can usually be estimated 
preoperativelv by the kind of x-ray shadow it casts, a study of 
the urinary crystals, and its cystoscopic appearance. 

(2) Stones in a diverticulum. 

(3) Hypertrophy of the prostate or other vesical neck obstruction, 

interfering with free movement of the instrument; urethral stric- 
ture; or disease of the bladder, such as tumor, ulceration, or 
severe cystitis. 

(4) Advanced renal disease. 

(5) Poor general health, contraindicating a length)' procedure. (Li- 

tholapaxy takes an hour or more, whereas a suprapubic inter- 
vention usually occupies Jess than half that period.) 

(6) A calculus attached to the bladder wall. (Adherent stones are 

usually formed upon a suture or a spicule of bone.) 

(7) A stone formed around a solid foreign body which is of such 

shape and nature as to prevent its removal through the urethra. 

(8) Markedly contracted bladders, making it impossible to introduce 

enough fluid into the bladder to distend it sufficiently for the 
proper carrying out of litholapaxy. 

Caulk has emphasized the possibility of the operator being misled as 
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to the amount of contracture of both the urethra and bladder because 
of muscle spasm. If caudal or spinal anesthesia is used (as is the custom 
at the Brady Foundation), the resulting relaxation will enable the true 
capacity readily to be gauged. 

Technic of Litholapaxy. The patient is prepared as for other trans- 
urethral operations. Caudal or spinal anesthesia is preferred by us for 
this procedure. 

The instrument of choice, well lubricated, is introduced through the 
meatus, and held in the vertical position as it is pushed gently but 
steadily forward until the beak has attained the lowest portion of the 
urethral bulb. Care must be taken not to depress the handle of the 
instrument before reaching the bulb, as this is likely to cause it to catch 
at a point just external to the opening through the triangular ligament. 
The turn when the bulb is reached also must be made carefully, else the 
beak of the instrument may be stopped below the triangular ligament. 
Lifting the heel of the instrument by placing the fingers of the left hand 
against the perineum will help the beak to pass easily through the 
opening, as the fingers can feel it “jump” when the depression before the 
triangular ligament is reached, and this can be taken as a signal to depress 
the handle rapidly, whereupon the beak will slide easily into the bladder 
cavity (Cabot). When the bladder once has been entered, attempts to 
grasp the stone must take into consideration the danger of seizing a fold 
of the vesical mucosa; therefore, after locking the jaws of the lithotrite 
upon the stone, the instrument should be rotated freely before any 
attempt at crushing the stone is made. If it cannot be rotated, there 
is a strong likelihood of the mucosa being included in the “bite.” Several 
attempts may be required to crush the stone completely, and, when 
this is accomplished, great care must be exercised to see that all the 
fragments are evacuated. 

The suction apparatus used for evacuation of the fragments is described 
on page 1150. 

After-care Following Removal of Calculus. This is described under 
Renal Calculus (Follow-Up Treatment: The Problem of Recurrence, 
p. 1609). 

Repair of Vesicovaginal Vistula 

All operations upon vesicovaginal fistulas have for their common 
objective the restoration of the bladder to its normal function as a reser- 
voir of urine. If the bladder wall can be tightly closed, the vagina will 
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frequently take care of itself, healing by granulation after a mere fresh- 
ening of its edges. The bladder floor must be separated from its adher- 
ence to the vagina, even if the whole of the detrusor muscle is split 
sagittally, as recommended by Quinby. 

Robert T. Frank observes that often a large fistula resulting from 
difficult labor, in a bruised and infected birth canal, will heal spon- 
taneously, while a smaller one, apparently far less infected, will require 
repeated operations and then may fail to heal. He notes that when the 
bladder is freed and mobilized (either spontaneously during the progress 
of labor, or purposely at operation), healing often takes place without 
surgical intervention. Apparently the combination of two factors favors 
healing: (1) mobilization allows the bladder to contract and thus dimin- 
ishes the size of the opening; (2) mobilization also favors the gliding and 
displacement of the tissue planes one upon another, so that broad raw 
areas come into direct apposition. These two factors probably play 
a far more important role than points concerning which surgeons evince 
the greatest anxiety, such as the method of suture or the type of material 
employed in suturing. 

Methods now in use. The methods of repair in usage today are of 
three types: (1) denudation and suture according to the method of Sims 
(with modifications); (2) flap-splitting, with separate suture of the 
bladder wall and vesical mucosa; (3) suprapubic transperitoneal 
laparotomy. 

All successful operators recommend the severing of scars which fix 
the bladder to the pelvic bones. 

The usual route of closure is through the vagina. High and inac- 
cessible openings may be attacked suprapubically, usually by the trans- 
peritoneal route, though occasionally the transvesical method is advis- 
able. Combined vaginal and abdominal operations may be necessary 
for patients having extensive scarring. 

Figures 256 to 260 illustrate a very severe grade of vesicovaginal 
fistula seen on our service, and the method of repair. 

Sims' Operation. Sims’ method is too well known to require detailed 
description here. Its chief features are the use of (1) Sims’ position; 

(2) the “duck-bill” speculum — the forerunner of the Sims’ speculum; 

(3) silver wire and lead damps for suturing, this being the first occasion 
of the regular employment of such materials; (4) a self-retaining catheter 
in the bladder, to keep it free of urine during the entire period of healing. 
It is this method of Sims, with certain modem refinements, that is still 
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regularly employed in most gynecological clinics for lower and more 
accessible fistulas. 

Transvesical Closure. This method, originally proposed by Tren- 
delenburg, was subsequently modified and re-introduced by Hugh 
H. Young. 

The Schuchardt incision is employed for suprapubic exposure of 
the bladder. 


u'.erus ) cervix and exle'-nal os 
nol Seen - irachelorrhaphy 



\l bladder everted tkru w’e-i.Co-vsAirisI 
\lrtlula an' ' r 


and protruding from vagina 


Fig. 257. Repair of vesicovaginal fistula. Sagittal section showing condition present. 
The bladder, completely everted through the fistulous opening, protrudes through the vulva. 
The urethra is much dilated, (Kim In’s case.) 

The opening of the fistula is elevated by the assistant placing his finger- 
tip in the vagina; or a small hook may be used (Douglass found one made 
from a safety-pin perfectly satisfactory). Where the cervix has been 
cut away, this method affords a view of even a very inaccessible fistula. 

The mucosa is incised and reflected from the edges, and when these 
have been sufficiently freshened, the fistula is invaginated into the vagina 
by the setting and tying of concentric purse-string sutures. The mucosa 
is closed with interrupted chromic catgut stitches (No. 00), the anterior 
bladder wall with interrupted plain catgut, and the fascia with inter- 
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rupted chromic catgut sutures. A suprapubic catheter is left in posit ion, 
so that the bladder will be continuously free of urine. 



to the left. (Erwin's case ) 

The patient is kept lying, face down, upon her abdomen until the repair 
has healed. This usually requires about 2 weeks, but, in comparison 
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with years of incontinence, this inconvenience seems trifling to most 
of these unfortunate women. 

Trans peritoneal Repair, Using Omental Flap. Waltman Walters has 
recently reported successful transperitoneal repair of recurring vesico- 

d.laled vesical drawing bladder wall 
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patients may require transplantation of the ureters to the sigmoid or 
rectum (Operative Treatment of the Ureters, p. 1324). 

Time of Operation. Spontaneous healing of fistulas following obstet- 
rical injuries occurs frequently enough to make it wise to wait at least 
3 months postpartem before intervening surgically. This period of 
waiting is not wasted, as it permits complete involution of the genital 
tract and gives the adjacent tissues time to heal if they have shared in 
the trauma, which they usually have. 



Repair of clean-cut postoperative fistulas may be attempted earlier 
than that of those resulting from sloughing. In infected cases, 3 or 4 
months must usually elapse before the exudate will have absorbed suffi- 
ciently to offer a fair chance for operative success. 

Sympathetic Surgery for the Relief of Bladder Pain and Frequency 
The innervation of the bladder has been described in detail elsewhere. 
Briefly: The bladder is innervated by both the sympathies and the 
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parasympathetics by way of the hypogastric ganglia. The sympathetics 
are inhibitory to the detrusor vesicac and motor to the trigone and 
internal sphincter. The parasympathetics are inhibitory to the internal 
sphincter and motor to the detrusor. In addition, there is the pudic 
pathway, which is motor to the external sphincter and sensory to the 
posterior urethra. Pain impulses reach the central nervous system via 
both the sympathetic and parasympathetic pathways, but principally 
by the latter. With the exception of the inconsiderable filaments which 
join the hypogastric ganglia direct from the sacral paravertebral sympa- 
thetic chains, the great majority of its sympathetic nerves reach the 
bladder by way of the presacral nerve (superior hypogastric plexus). 

Attempts to relieve pain arising in the pelvis by sympathetic surgery 
date from the work of Jaboulay, who, in 1898, attempted to cut the rami 
communicantes of the sympathetic chain by a retrorectal approach. 
Cotti, in 1925, first employed presacral neurectomy for the relief of 
pelvic pain, and reported many instances of relief of pain by this means 
in gynecological cases. In 1926, Fieri successfully employed presacral 
neurectomy, with sectioning of the sacral rami communicantes and divid- 
ing of the sacral sympathetic chains at the level of the first sacral seg- 
ment, for the relief of pain in vesical tuberculosis. Learmonth (1930) 
applied presacral neurectomy to paralytic bladders. Recent periodical 
literature contains many reports of good results through presacral neurec- 
tomy in the relief of intractable vesical pain and frequency. 

Presacral neurectomy is indicated (1) in certain cases of localized sub- 
mucous fibrosis, tuberculous cystitis, inoperable carcinoma of the pros- 
tate or bladder, and other lesions producing intractable vesical pain and 
spasm; (2) in selected cases of tabetic bladder and vesical paralysis due 
to cord injuries. If there is a complete transverse lesion of the cord with 
funneling of the vesical neck, presacral neurectomy is contraindicated; 
but in cases with retention and overflow incontinence, where there is a 
tight external sphincter and adequate renal function, and where the 
lesions seem mainly to be in the parasympathetic pathway, relief may 
be expected. In the more successful cases the residual urine is reduced 
and the patient is able to void with greater ease. In paralytic bladders 
there is also relief of the constant aggravating pain to which the patient 
has been subject. 

Technic of Presacral Neurectomy. The following is the technic of 
Learmonth: Under spinal anesthesia, and with the patient in the Tren- 
delenburg position, a left paramedian incision is made, a third of the 
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incision being above the umbilicus and two thirds below. The intestines 
are packed off so as to disclose the bifurcation of the aorta, the two com- 
mon iliac arteries, the left common iliac vein, part of the anterior surface 
of the fifth lumbar vertebrae, and the promontory of the sacrum. The 
peritoneal covering of the promontory is incised longitudinally to the 
upper limit of the exposure. Each lip of the peritoneal incision is then 
carefully retracted, thus excluding the inferior hemorrhoidal artery from 
the field. In lean subjects it is usually possible to identify the strands 
of the presacral nerve before the peritoneum is incised ; in fat patients 
it is better to work from the left side to the right. A strand of the pre- 
sacral nerve can usually be identified as it crosses the left common iliac 
vein. This strand is then placed on a blunt hook, and as further strands 
are identified and dissected free — first toward the median line and then 
toward the right common iliac artery — they are in turn placed on the 
hook. At the conclusion of the dissection, the common iliac arteries 
and the left common iliac vein should be denuded of nerve fibers. The 
nerve is now divided between ligatures, as high up as possible. The 
peripheral end is raised by blunt dissection with a cotton pledget, and 
any communicating fibers from the lower left lumbar ganglia severed. 
Each hypogastric nerve is clamped and divided proximal to the clamp 
as soon as it is encountered. The segment of each hypogastric nerve 
may then be removed and the clamps later replaced by ligatures. It 
is seldom necessary to place ligatures upon vessels in the tissues from 
which the nerves have been removed. 

The wound in the posterior peritoneum is closed with fine catgut, and 
the abdominal wound in the usual manner. 

Resection of Superior Hypogastric Plexus and Sacral Ganglions. The 
literature has shown that simple excision of the superior hypogastric 
plexus for the relief of vesical pain does not suffice in all cases. In 
selected cases, therefore, Schroeder and Cumming recommend excision 
of the superior hypogastric plexus and exeresis of the lateral sacral 
sympathetic chains. They have recently published a series of 12 cases 
of vesical tuberculosis and interstitial cystitis in which significant and 
lasting improvement was obtained through this operation. Their tech- 
nic is similar to that of Cotte and Learmonth, but they divide the sacral 
sympathetic chain at the level of the first sacral segment, as originally 
advocated by Pieri. “The proximal end of the distal segment is then 
grasped with a hemostat and the instrument is rotated, the nerve being 
wound on the clamp and at the same time the chain being gradually freed 
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with a blunt Instrument from all its attachments to or below the third 
sacral segment.” 

Surgery for Incontinence of Urine 

Incontinence of urine is a most distressing lesion in both men and 
women. In numerous instances wc have had success in relieving this 
condition, whether due to congenital or acquired factors, by the use of 
two procedures described by Lowsley in 1929 and 1936 respectively. 
We have had good results with both methods, but of late the second 
operation — a plication procedure — has been the operation of choice. 

Repair of Vesical Orifice for Cure of Incontinence (Lowsley). This 
operation consists in diverting the urine by a suprapubic cystostomy, 
dissecting free the top of the urethra, taking a wedge-shaped section of 
tissue from the roof of the vesical orifice (and the anterior of the prostate 
in the male), and thereafter reconstructing the urethra over a small 
catheter by chromic catgut sutures (Figs. 261 and 262). 

Lowsley-Hunt Plication Operation for Incontinence of Urine and 
Feces in the Male. The patient is placed in the lithotomy position, and 
a sound is inserted into the urethra (No. 19-F. in adults, a much smaller 
one in children). A median or Y-shaped incision is made in the perineum 
and deepened through the fat and Colies’ fascia, exposing the bulbo- 
cavernosus muscle, which is then dissected free on all sides. Chromic 
ribbon gut, studded with an atraumatic needle, is inserted well down on 
the lateral surface of the muscle. It is then fixed in a similar manner on 
the opposite side, pulled tightly across the posterior surface, and tied in a 
square knot. This is repeated at two other points over the bulbocaver- 
nosus muscle, resulting in a rather firm plication of the entire muscle. 
The object is to produce an elastic narrowing of the bulbous portion of 
the urethra so that the patient must use considerable force to empty 
his bladder. 

The sound is removed and the fascia and skin closed with plain catgut 
and fixation sutures respectively. 

Sometimes incontinence of feces also occurs, in which case the rectum 
can be plicated with ribbon gut, as shown in figures 263 and 264. Both 
the urethral and rectal plications may be accomplished through the one 
incision in the perineum. 

Postoperative Care. The patient must usually be catheterized every 
8 hours for 2 or 3 days after this operation. He then begins to void 
without aid. He is instructed to void every 2 or 3 hours while up and 




FiC. 261. Repair of vesical orifice for cure of incontinence, (a) Median incision. (l») 
Sagittal section showing relaxed % csical orifice, (c) The recti muscles are separated and 
(d) the peritoneum stripped from the bladder, (e) The bladder incised and fluid removed 
by suction, ff) Further stripping of the peritoneum from the bladder. 

113S 
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about, and to use suprapubic pressure, if necessary, to empty the bladder 
completely. 



Fic. 263. Lowsley-Hunt plication operation for incontinence Of urine and feces in the 
male. (1) Skin incision. (2) Exposing the bulbocavemosus muscle and the wall of the 
rectum; dissecting free the bulbocavemosus. (3) Flicating the bulbocavemosus muscle with 
ribbon gut. , v*» 


Plication Operation for Incontinence of Urine in the Female. The 
procedure of choice depends on the situation which the surgeon encoun- 
ters. If the urethra is very large and patulous, and the patient is entirely 
incontinent, the ventral surface of the urethra is plicated with chromic 
ribbon gut over a No. 10-F. baby catheter, which is left in position for 2 
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Fibrous tissue replaces the ribbon gut, as shown in our animal experi- 
ments. 




Kelly Plication Method. We have also had success with the Kelly 
plication operation. We substitute chromic ribbon gut for the JCo. 0 
chromic catgut, however, and plicate the roof of the urethra instead 
of the floor. 

With the patient in the lithotomy position, and a Pezzer catheter in 
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the bladder, the perineum is depressed and the anterior vaginal wall 
stretched by the application of clamps to the cervix and lower urethral 
wall. The head of the catheter is pulled down until it reaches the internal 
urethral orifice. The position of the bladder neck is readily determined 



by moving the catheter to and fro with its head pressed against the 
urethra. The sphincter will lie just in front of the catheter’s bulb and 
the operator will be able to palpate it through the front wall of the 
vagina. At this point a two-inch incision is made in the vaginal wall 
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down to the vesical wall, the vaginal mucous membrane grasped with 
Allis clamps, and the mucosa loosened and lifted up so as to expose the 
bladder neck. 

Two or three superimposed mattress sutures of chromic ribbon gut, 
on a fine curved and rounded needle, are set in the sphincter region, the 
needle being introduced a half inch from the median line at each side. 
This folds back the muscle for about an inch. A continuous lock-stitch 
of chromic ribbon gut is then set in so as to fold over the wall of the 
bladder and posterior urethra, and cover the mattress sutures, thus 
relieving any tension. The abdominal wall is closed in the usual manner. 
If the operation has been properly performed, the catheter will meet with 
resistance when withdrawn. 

Muscle-transplantation Procedures for Formation of an Artificial 
Sphincter. Different operators have substituted some other muscle for 
the destroyed, missing, or incompetent sphincter, with varying success. 

Deming (1927) looped the proximal end of the gracilis muscle about 
the bladder neck in a young woman who had congenital epispadias with 
urinary incontinence. 

Martius (1928) proposed the use of the bulbocavernosus and ischio- 
cavemosus muscles for the formation of an artificial sphincter. The 
muscle mass is mobilized, detached at its anterior end and brought across 
beneath the bladder neck, and the end of the muscle attached to the 
opposite side with sutures. Great care is necessary to prevent injury 
to the vessels and nerves at the points where they enter the posterior 
and outer aspects of the transplant; otherwise, nutrition to the parts 
would be cut off and the operation doomed to failure. 

Goebell, Frangenheim, Stoeckel, and others have utilized the pyrami- 
dalis, with strips of fascia from the rectus. The so-called Goebell- 
Stoeckel operation consists of an initial dissection by which the bladder 
neck is completely freed from the surrounding tissues, The attach- 
ments of the pyramidalis muscles to the pubis are left intact, but a 
strip is taken from each muscle, passed down the urethra and vesical 
neck, and attached to the periosteum of the pubic ramus of the opposite 
side. If the pyramidalis muscles are poorly developed or missing (an 
occasional happening), strips can be obtained from the rectus abdominis 
muscles. This operation was originally done in two stages, but it is 
now considered better to perform the entire procedure at one time, if 
possible. The operative wound should be made upon the abdominal 
surface, avoiding opening of the vaginal mucous membrane, with the 
risk of infection of the supraoubic area. After the muscle strips have 
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been attached to the pubic rami, the abdominal incision is closed about a 
catheter, which is left in the bladder for several days, thus avoiding the 
passage of urine over the operative site until primary healing has had 
time to take place. 
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Figuration and Resection of Vesical Neoplasms 
SIMPLE PULGURATION OF BENIGN PAPILLOMA 

Since its introduction by Beer, in 1910, figuration has been the 
surgeon’s mainstay in the destruction of benign vesical tumors, whether 
single or multiple. It is important, however, that the diagnosis be fully 
established, for figuration alone has not been found satisfactory for 
malignant neoplasms. If the growth is fairly large, or if there are 
multiple growths, it is usually better to do an open operation. 

Technic. The technic is comparatively simple. Through an ope rat' 
ing cystoscope a properly insulated wire conveys an electrode which is 
connected with the Oudin resonator. The electrode is passed until its 
tip invaginates the surface of the papillomatous mass. As the current is 
turned on and the cauterization begun, bubbles are seen rising through 
the fluid used to distend the bladder. Soon a blanching of the tissues 
is noticeable. This is due to dehydration, w’hich destroys the vitality 
of the tumor tissue. The lesion is burned away until it presents a whitt 
mass — considerable judgment being required of the operator to deter* 
mine exactly how deep the cauterization may be carried without per- 
forating the bladder wall. The cauterized tissue later sloughs off and is 
evacuated with the urine. 

TREATMENT OF PAPILLOMATOSIS BY RESECTION AND CAUTERIZATION 
WITH PHENOL AND ALCOHOL 

Although Beer’s method of figuration (by the transurethral route or 
through a cystostomy incision) has been the standard method of treat- 
ment for benign papilloma for over three decades, the results have been 
far from satisfactory, recurrences being distressingly frequent. 

On the theory that vesical papillomatosis is due to infection by a fil- 
terable virus (see p. 1051), Kirwin has recently carried out complete 
removal of the papillary growth or growths with the cutting current 
(instead of the usual figuration technic), followed by cauterization with 
phenol and alcohol. The results by this new method, reported by Kirwin 
early in 1943, have been definitely encouraging. 

Technic. Through a midline suprapubic incision the bladder is ex- 
posed and opened with the straight wire electrode. The edges of the in- 
cision are protected by gauze as an additional precaution against the 
spread of an infectious condition. The neoplastic tissue is removed 
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down to the muscularis with the wire loop electrode, the exposed base 
then being cauterized by the application of the ball electrode. If more 
than one tumor is present, each growth is treated in a similar manner. 
A solution of 50 per cent phenol in glycerine is next applied not only to 
the areas from which the growths have been removed, but also to the 
mucosa of the ureteral orifices, prostatic urethra, cut edges of the blad- 
der, and the bladder cavity throughout, thus sterilizing all possible sites 
of recurrence. This is followed by the application of 95 per cent alcohol 
when the phenol has been in contact with the mucosa for about three 
minutes. A drainage tube is inserted in the bladder and the bladder in- 
cision closed around it. A drain is placed in the space of Retzius and the 
suprapubic wound closed about the drain in the usual manner. 

RESE CT10N- AND-IRR ADI ATION TREATMENT OF MALIGNANT TUMORS 

Closed Method. Small papillary carcinomas, with little infiltration 
of the bladder wall, often can be treated by transurethral electrocoagula- 
tion of the exuberant portion of the growth, followed by the implanta- 
tion of radon seeds. We have found the Kirwin resectoscope particu- 
larly well adapted for removing the exuberant portion of the growth, 
because its electrode is protected by a fenestra, minimizing the danger of 
penetrating the wall. If a resectoscope is not available, simple figura- 
tion may be employed for removing the body of the tumor. The impor- 
tant feature is the removal of the projecting mass, so that the base may 
be fully exposed for radon implantation. 

Kirwin has designed an instrument which facilitates both the inspec- 
tion and measurement of the tumqr, permitting correct estimation of 
the amount of radon required to irradiate the base after the mass of 
overgrowth has been removed by the resectoscope or figuration; also 
an implanter, by means of which radon seeds may easily be introduced 
into the tumor by either the open or the endoscopic route (Radium and 
Roentgen-Ray Therapy of Bladder Tumors, p. 1750). 

Open Operation (Ball-Loop-Disc Method). Large carcinomas that 
are not surgically removable should be treated by excision of the exuber- 
ant portion of the tumor with the loop electrode, through a suprapubic 
incision, followed by the implantation of radon seeds. Three different 
electrodes are employed in carrying out this technic. The ball elec- 
trode is first applied to the bladder wall surrounding the tumor, to seal 
off the vessels. The entire tumor mass is then removed with the loop 
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filtration which may have taken place in the muscular wall of the 
bladder. 

Postoperative Care and Complications Following Surgery of the Bladder 
Immediate Postoperative Care. The immediate postoperative care 
consists in keeping the patient warm and quiet. If he has had spinal 
anesthesia, his head must be kept lowered for 6 or 7 hours. His pulse, 


1 1 3 



Fig. 269. The three eieclrodes used in the bali-loopndisc method of fulgurating bladder 
tumors. 

respirations, and temperature must be carefully observed and the secre- 
tions examined for undue bleeding. 

Complications. Shock is the complication most feared after any 
operation, including those upon the bladder. This is caused by loss 
of blood or pain. If there is moderate loss of blood, the patient should 
receive intravenous injections of glucose (50 per cent) in large quantities. 
If considerable blood is lost, it should be replaced by whole blood trans- 
fusion. Cardiac failure is relieved by stimulation and by placing the 
patient in an oxygen tent. Pneumonia, as a postoperative complica- 



1150 


CLINICAL UROLOGY 


tion, is less frequent, now than when general anesthesia was in coni' 
mon use. In the occasional instances when it does occur the patient is 
benefited by being placed in an oxygen tent and given sulfapyridine 
by mouth. 

Suction Drainage. Double Suction Tube. In the Brady Foundation, 
patients are kept clean, dry, and comfortable, and afforded perfect 
drainage, by means of the double suction tube and the use of the supra- 
pubic suction cup. 



The cystostomy tube is connected to a long piece of rubber tubing, 
which, in turn, is attached to a metal right-angle tube inserted in a 
two-holed rubber cork in a drainage bottle attached to the frame of the 
bed A second long piece of rubber tubing has one end attached to the 
wall suction and the other to a shorter metal tube inserted in the rubber 
cork. The exhaust tube, the one connected to the suction, passes 
through the cork for a distance of 1 inch; the intake tube, the one 
connected to the double suction tube, for about 5 inches. This difference 
in length is to prevent bursting bubbles of urine being drawn into the 
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exhaust tube. Suction is obtained by gently pushing the lever of the 
wall suction to get the desired pressure. 

The double suction tube is irrigated daily, at the same time the 
dressings are changed. The inner tube is cleansed and replaced when- 
ever it appears to be blocked. The drainage bottle is changed every 
12 hours, and cleansed and sterilized with a germicidal solution. The 
rubber tubing from the bottle to the patient and the metal connecting- 
tubes are removed daily and replaced by clean, sterile tubing, 


F:C. 271, Suprapubic Suction cup. Showing the cup attached to the patient. Elastic 
bands are placed about the safety-pins to provide tension and prevent abdominal movements 
from loosening the cup. 

Suprapubic Suction Cup. For several years we have been using a 
simple and most effective drainage device, which was originally suggested 
to us by Mr. Leo Savolly, an orderly at the New York Hospital. This 
suprapubic suction cup and its method of attachment to the patient are 
shown in figures 271 and 272. This device is used to bridge the period 
between the removal of the drainage tube and the healing of the sinus. 

The cup consists of a flat, hollowed-out rubber sponge. Inside the 
rim of the cup is a turn of small rubber tubing with several holes. One 
end of this tubing is sealed, while the other extends out the side of (h e 
cup and is attached to the drainage bottle. There are two vents in the 
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collecting-chamber of the cup. No actual suction is made on the sinus, 
the urine being merely drawn off as it wells up into the cup. 

After the double suction tube has been removed, the suction cup is 
placed on the abdomen directly over the suprapubic sinus, so that the 
fistula is in the center of the hollowed-out portion of the cup. It is held 
in place by two adhesive straps or by the use of adhesive straps and 
rubber bands. Over the cup is placed a gauze pad, held in place by 



Fig. 272. Suprapubic suction cup. Schematic drawing of cup and method of attaching it 
to the patient. 

Montgomery straps. The cup is connected to the suction apparatus in 
the same manner as the double suction tube. 

This device is simple to manage, saves gauze, prevents an ammoniacal 
odor in the ward, and, most important of all, makes the patient feel 
much better. Urine does not run over him and soak the linen, so that 
he is not subjected to excoriation and decubitus of his back from lying 
in a puddle of urine, and the laundry bill is reduced to the daily change 
of linen. 

Stedman Induction Motor Suction Pump. The induction motor suc- 
tion pump, recently devised by Dr. Harold E. Stedman, at the New York 
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Hospital, is particularly useful in hospitals with only a few urological 
cases, where the installation of an elaborate vacuum system would be 
impractical and too expensive. 

The pump is 6 inches long, 4J inches wide, and 6 inches high, and 
weighs only 6 pounds (Fig. 273). It consists of a substantial cast alu- 
minum frame, an electromagnet, a copper rotor, and a piston and cylin- 
der. The pump is self-starting, non-reversible, noiseless, and creates no 
radio interference. It is self-regulating, adjusting its speed to the 



Fig. 273. Stedman induction motor suction pump. Complete set-up, showing patient 
with double suction tube, collecting-bottle, and Stedman suction pump in use. The dressings 
have been removed horn the suprapubic wound. (Courtesy of 'Dr. Harold E. Stedman.) 

amount of suction. It operates on alternating current only, 50 and 60 
cycles, and can be supplied for 110 and 220 volts. The current con- 
sumption is less than 20 watts per hour when operating on the rated 
voltage. Due to its slow speed and adequate lubricating system, it will 
run continuously with very little attention and will produce sufficient 
vacuum to elevate a column of water 7 feet. It can be used on two or 
even more patients at the same time. 

The pump can be attached to the double suction tube, or to the supra- 
pubic suction cup, or to a Tezzer or wing-tip catheter. 
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Forcing of Fluids. Cystostomy is most often done for the purpose 
of drainage (*.«., as a preliminary' to prostatectomy). In such cases 
fluids are always forced. 

As a rule, the amount of fluid to be taken daily is 3,000 cc. for all uro- 
logical patients with the exception of prostatic patients, who are usually 
given from 3,000 to 4,000 cc. An intelligent adult patient will usually 
cooperate readily when the necessity of the forcing of fluids is explained 
to him. With some patients, persuasion or patient persistence is neces- 
sary. Specially trained urological nurses are of the greatest aid in these 
cases. The nurse estimates the amount her patient must drink each 
hour in order to receive his daily requirement, making allowance for 
the fact that he drinks less at night. Fluids should be provided in 
whatever form is best tolerated by the patient. Some patients prefer 
ice-water, cool water, or warm water, while others will drink water that 
is flavored with fruit juices. 

If fluids are administered by rectum, it should be noted whether or not 
the entire amount is retained; if not, an estimate should be made of the 
loss. The deficiency may then be made up by hypodermoclysis or in- 
fusion. 

Charting Fluid Intake and Output. The following applies not only 
to bladder cases, but to the majority of urological cases. 

The intake of fluids and the amount of urine excreted are measured 
and recorded in accordance with the practice of the particular hospital. 
The following is the practice in our service at the New York Hospital. 

Measuring Fluid Intake. (1) The nurse measures the fluid intake 
when the patient is on “measured intake.” 

(2) When a patient is put on “measured intake” a shipping-tag is 
placed about the neck of the carafe; on this is written the name of the 
patient and the amount of fluid he is to receive: 

John Miller John Miller 

Force Fluids Or Limit Fluids 

4000 cc. 1200 cc. 

(3) The total fluid intake for a patient on “measured intake” is appor- 
tioned bv the nurse in charge. A suggested plan for urological pa- 
tients is: 

Diet fluids • 1 of total fluid intake 

Water 

7 am. to 11a.m. • l of total fluid intake 

11am to 3 pm. - ■ . .. I of total fluid intake 

3 p.m. to 7 p m. .... i of total fluid intake 

7 p m. to 7 a m. i of total fluid intake 
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If the amount of fluid ingested is increased or decreased during any one 
period, it is subtracted from or added to the amount in the following 
period, and the amount altered accordingly on the fluid chart by the per- 
son making the change. 

14) The floor clerk or nurse makes out the fluid chart and gives it to 
the dietitian before 3 p.m. of the previous day. The nurse in charge 

TABLE VI 
Fluid chert 

Pavtuon: Urology- Date; February 1, 1943 


l\ bouis' 

" 

Jones , John 

Greco, Jo 

Smith, Sam 

Doe, Mary 

Henry, Ida 

Requiredj e 

‘“« d 1 c 

Re- 

ijuired 

and 

veered 

£ 

Re- 

QiMld 

and 

served 

. 

£ 

Re- 

quired 

and 

served 

£ 

R 'id 

£ 

Diet fluids 

Breakfast 

10 a m 

Dinner 

3pm 

Supper 

8 pm. 

200 

200 

400 

200 

200 

200 

200 

200 

400 

200 

200 

200 









Total 


1400 








1 

£ 

Water 

7 am -11a.m. 

11 a m.- 3 pm. 

3 p.m.- 7 pm. 
lpm-7 a.m. 

1 (| 
s l 

K U 

S 

.£ 

I 

I 

i 

1 

z 

1 

& 

8 

£ 

1 

! 

•2 

i 

£ 

I 

0 

K 

•S 

1 

650 

800 

SOU 

850 

500 

650 

600 

850 













Total 

I 

2600 














inserts the amounts planned for the water intake during the various 
periods of the day. 

(5) The dietitian records on the fluid chart the amount of fluid planned 
for each meal and returns the chart to the nurse in charge before 7 a.tn. 
of the day it is to be used. This sheet is posted iu the pantry. 

(6) Before the meal trays are returned to the pantry, the nurse who 
is posted for “intakes" inspects the trays of the patients on “measured 
intake” and urges those on forced fluids to drink the fluids. She records 
the fluids for those patients who have taken the entire amount. When 
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the trays are taken to the kitchen, the nurse estimates the remaining 
fluids on each tray and records the amounts on the fluid charts. 

(7) The total amount of diet fluids and the total amount of water 
for the day and night are charted on the nurse’s notes in the column 
Diet and Fluid Intake in blue ink for day and red ink for night. This 
charting is done at the end of the period, i.e., 7 a.m. to 7 p.m,, 7 p.m. 

TABLE vn 
Urine output 


Time: 7 p.m.-7 a m. or 7 a.m.-7 p.m. Date: February 1, 1943 



* Catheterization, 
t Suprapubic. 

J Urethral catheter right 
§ Nephrostomy 
H Voiding. 

|| Catheterize. 

to 7 a.m., or at 12 midnight, depending upon the requirements of the 
particular service. 

Example: 


7 a m. to 7 p.m. 

Diet fluids . 600 

Water 3000 

Total Fluids 3600 

7 p.m. to 7 a.m. 

Diet fluids. . 400 

Water . . 600 

Total Fluids 1000 
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“Total fluids for 24 hours 4600 cc.” is charted on the temperature sheet 
in the space designated. 

Table VI is a sample of the fluid chart kept in the pantry (these nota- 
tions are copied upon the patient’s chart). 

Measuring Fluid Output. Under Fluid Output must be recorded not 
only all urine obtained by voiding or catheterization but all that is 
passed from the body by drainage tubes. If urine escapes into the dress- 
ings or alongside a retention catheter, the amount so lost must be care- 
fully estimated. The patient must not be permitted to go to the toilet, 
even if able, so long as his condition demands the keeping of records of 
his daily fluid output. Fluid lost by vomiting should also be measured 
and noted in the nurse’s notes. After each voiding the urine is carefully 
measured and the amount promptly recorded in the utility room on a 
convenient chart, as in Table VII. 

The only difference between the day and night charts is that, on the 
night chart, there is an additional column for the reaction of the urine, 
which is obtained by testing with nitrazine paper every morning. 

The data from these charts are copied upon the patient’s chart by the 
nurse at 7 a.m. and 7 p.m. 

The nurse in charge must always watch carefully to see that each 
patient has sufficient urinary drainage. This is not difficult even in a 
large and busy pavilion, provided the entire staff understands that the 
fluid output affects these patients to the point of recovery or complete 
collapse which may result in death. The nurse or orderly must, there- 
fore, be alert in noting the first sign of diminished output from any 
patient, and must report the same promptly to the nurse in charge. 

Follow- Up of Patients After Bladder Surgery 

All patients who have had an operation upon the bladder are urged 
to return regularly for check-up examinations. 

As has been repeatedly emphasized, any patient who has had a vesical 
tumor must be kept under surveillance more or less for the remainder of 
his life. If the gravity of the situation is properly represented to the 
patient, he will usually be willing to undergo the inconvenience or actual 
distress of a cystoscopic examination at comparatively frequent inter- 
vals, which can gradually be lengthened if there is no sign of recurrence. 

In calculus cases, the stone is analyzed, and, depending upon whether 
it is an alkaline or an acid calculus, the patient is placed upon an acid 
ash diet and given acidifying drugs, or upon an alkaline ash diet and 
given an alkaline water and alkaline drug, in order to keep the urine 
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constantly acid or alkaline (as the case may demand) to prevent further 
formation of calculi. He is also given nitrazine paper to test the reaction 
of his urine daily. Such a regimen requires a check-up at regular intervals. 

B. Non-Operative Treatment of the Bladder 
Bladder Irrigations and Instillations 

One of the most helpful measures for relieving vesical irritation is 
irrigation with various solutions. The simplest of these are normal 
saline solution and boric acid, 2 per cent. Good antiseptics for vesical 
lavage are rivanol dextrose, 1 :8,000, which is especially useful in chronic 
colon bacilluria, being both antiseptic and soothing; acriflavine, 1 :5,000 
or 1 :10,000 potassium permanganate, 1 :8,000 or 1 : 10,000. Silver nitrate, 
1 : 10,000 is useful in hemorrhage of the bladder, but should never be used, 
in any strength, in cases of vesical tuberculosis because of its irritative 
qualities. Keyes has shown that in long-continued hemorrhage, sodium 
citrate, 1 :8000 will prevent the formation of impassable clots. 

In alkaline encrusted cystitis, we have had good results with a solu- 
tion containing magnesium oxide anhydrous and citric acid, the formula 
for which is given on p. 1013. 

The irrigating solution should be given at a temperature of 100 to 
110°F., depending on the tolerance of the individual bladder. Care 
should be taken not to hold the container too high, if the gravity method 
is used, for too great pressure may set up inflammation of the epididymes. 
Irrigation through a soft rubber catheter is generally preferable. The 
patient should void the injected fluid naturally, if possible. The bladder 
irrigations should be given daily at first and then two or three times 
a week. 

Whenever a patient has an indwelling urethral catheter, this must be 
irrigated once in 24 hours to prevent the formation of urates. Boric 
acid in a 2 per cent solution is usually employed unless active bleeding or 
considerable infection is present. When there is bleeding or severe blad- 
der infection, much more frequent irrigation is necessary. These pa- 
tients are usually put on intermittent bladder irrigation. Normal saline 
or silver nitrate solution, 1:10,000 is usually used when bleeding is pres- 
ent; saline or potassium permanganate solution, 1 :10,000 when there is 
severe infection. 

In very acute cases the instillation and retention of an ounce or two 
of novocaine borate, 2 per cent will give temporary relief. Instillations 
of acetic acid, 1 per cent have been found effectual in infections due to 
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the pyocyaneus bacillus, and phosphoric acid, 1 per cent in cases of 
staphylococcal infections which produce a strongly alkaline urine. 

Intermittent Bladder Irrigation 

Intermittent bladder irrigation is employed (1) when it is advisable 
to cleanse the bladder frequently, (2) to help prevent bleeding and clot- 
formation, (3) to relieve inflammation and congestion. 

The apparatus used by us consists of a 700-cc. Kelly irrigating flask with 
a piece of rubber tubing 4 feet long leading to the stem of a Y-tube. From 
one prong of the latter leads a piece of rubber tubing U feet long fitted 
with a straight glass connecting-tube which is connected to the patient's 
indwelling catheter. From the other prong a piece of tubing 2 feet long 
leads to the drainage bottle at the patient’s bedside. 

When irrigating, 25 to 50 cc. of the desired solution is allowed to flow 
into the bladder at a time, the irrigation being continued until the 
return is clear (usually 3 or 4 times). About 50 cc. of solution is allowed 
to remain in the bladder between irrigations by clamping off both the 
inflow and outflow. 

In order to compute the patient’s urinary output when intermittent 
irrigation is being given, a very accurate recording must be kept of the 
amount of solution put into the flask. The urinary output is computed 
as follows: The amount of solution that goes out through the irrigating 
system into the drainage bottle is the total output. The difference between 
the amount of irrigating fluid used and the total output represents the 
urinary output. 

Gradual Decompression of the Bladder 

Decompression of the chronically distended bladder is a maneuver 
attended with the greatest of danger if it is not done intelligently. If 
the intravesical pressure in such a bladder is suddenly reduced, by 
complete emptying, serious congestion of the bladder, kidney's, or bot h, 
with grave or even fatalconsequences, may resuFtT 

There are two methods of decompression in vogue. One is to remove 
a moderate amount of urine and let the bladder refill, or to remove ft all 
and immediately replace half the amount and let the urine collect again. 
The other method is to keep a certain amount of pressure within the 
bladder by means of a decompression apparatus that permits the urine 
to run out of the bladder very slowly but continuously. 

It is our custom to reduce the intravesical pressure gradually, first by 
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intermittent catheterization, replacing 50 per cent of the amount re- 
moved, and, finally, by maintaining continuous outflow by means of a 
A tube connected with a reservoir the height of which is adjusted at 
a level permitting the urine to run out of the bladder freely. If the 
urine spills over ,the arch in the A tube when the patient breathes or 
coughs, the apparatus is working satisfactorily. 

A very simple method that can be carried out in any sick-room is that 
advocated by Hamer, of Indianapolis, namely, attaching the end of the 
tube leading from the catheter to a bottle on a stand which is so placed 
that the tube starts at 2 feet above the bladder level, and lowering it 2 
or 3 inches a day until the urine is flowing quite freely. 

The results of gradual decompression in obstructed cases warrant a 
continuation of these methods, as one now rarely sees the cases of uremia 
which were altogether too common in the earlier days of vesical and 
prostatic surgery. 

Automatic Tidal Drainage of the Bladder 

Tidal drainage of the bladder was introduced by Donald Munro, of 
Boston, in 1935. Together with Joseph Hahn, he devised an apparatus 
which distended the bladder to a suitable degree with antiseptic solution 
&nd then automatically emptied it. The Munro-Hahn irrigator was de- 
signed preeminently for use in abnormal bladders resulting from injury 
or disease of the spinal cord, but was apparently too complicated for wide 
use in urological cases occurring independently of such injury. To 
Munro, however, must go the credit for establishing the value of the 
method beyond doubt. He classified “cord bladders” into certain recog- 
nizable groups, or stages (the atonic bladder, the autonomous bladder, 
the hypertonic bladder), and was able to show that, with tidal drainage, 
the incidence of urinary infection dropped from 73 to 15 per cent. 

Many modifications of Munro's original apparatus have been devised, 
some of which have a very general application while a few are limited to 
use in special cases (Hyams and Buchtel, Lawrie and Nathan, Beilis, 
Myers, MacNeill and Bowler, W. G. Hayward, and others). With the 
designing of simpler irrigators, tidal drainage of the urinary bladder has be- 
come a valuable and dependable addition to the urologist’s armamentarium. 

Apparatus for Tidal Drainage. The apparatus used by us is essentially 
similar to that devised by Lawrie and Nathan. It consists of a 700-cc. 
Kelly irrigating flask with a piece of rubber tubing 8 inches long (Hoff- 
man screw clamp) leading from the flask to a Murphy drip bulb (open 
vent). A second piece of rubber tubing, 16 inches long, leads from the 
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Murphy drip bulb to one prong of a glass Y connecting-link. To the 
other prong leads a piece of rubber tubing 6 feet long, which connects 
with the drainage bottle at the patient’s bedside. The straight arm of the 
Y tube connects with 3 feet of rubber tubing with a straight glass con- 
necting-link, which is connected to the patient’s catheter. The catheter 
should be at least No. 16-F., and should be changed weekly if the drainage 
is to continue over a period of weeks. 

Tidal drainage imitates the natural physiology of the bladder. We 
quote from Lawrie and Nathan: 

The bladder is filled at a slow-drip rate; as it fills, the intravesical pressure rises 
gradually until it reaches the level of the siphon-tube. Siphonage then begins and 
continues until, when the bladder is empty, the sipbon-tube is filled by air entering 
through the side-piece of the drip-bulb. Siphonage then ceases, and the bladder 
starts to fill again. At this moment there should be no residual urine m the bladder, 
a fact which may be confirmed by disconnecting the catheter. This cycle continues 
as long as there is fluid in the reservoir. 

The maximal negative pressure acting on the bladder is equal to the vertical height 
of the symphysis pubis above the Y-picce; we have found 7 inches a suitable height 
The maximal intravesical pressure never rises above the vertical height of the apex of 
the siphon-tube above the symphysis pubis The exact height depends on the 
patient's comfort and the condition under treatment. A height of about 7 inches is 
correct for the normal bladder, and 10 inches or more for a hypertonic bladder. It is 
impossible for the apparatus to distend the bladder to a greater pressure than the 
height of the siphon-tube. A suitable rate for the flow of antiseptic solution is 60 
drops a minute. Since it is in contact with the vesical mucosa for at least 23 hours 
out of the 24, a mild solution should be used. 

Irrigating Solutions. The irrigating solutions most frequently used 
are a 1.5 or 2.0 per cent solution of boric acid, and acriflavine, 1:5,000. 
Other solutions that have been found safe and useful are : normal saline, 
oxycyanide of mercury, 1 : 8,000, potassium permanganate, 1 : 30,000, a 
3.0 per cent solution of sodium cilrate (when clots are likely to form), 
and a 0.5 per cent solution of acetic acid (for alkaline encrusted cystitis). 

Uses of Tidal Drainage. Tidal drainage is applicable to numerous 
bladder conditions. (1) It is particularly useful in preventing the oc- 
currence of infection in neurogenic vesical dysfunction. In these cases, 
tidal drainage diminishes the urinary sepsis attending the use of the in- 
dwelling catheter. If the bladder is not already infected, prolonged 
drainage can be accomplished without introducing infection if proper 
precautions are used. 

(2) It is a valuable adjunct in the treatment of acute or chronic cysti- 
tis, particularly those cases with marked infection or encrustations that 
do not respond to oral therapy and other recognized measures. 
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(3) It may be used to increase the capacity of a contracted fibrotic 
bladder. This is accomplished by progressively increasing the height of 
the siphon-tube over a period of weeks. 

(4) It may be used wherever an indwelling catheter or repeated cath- 
eterization is indicated “with the advantages that antiseptic solution is 
almost continuously in contact with the bladder walls, and that it will not 
allow the progressive contracture of the bladder which occurs with an 
indwelling catheter draining away continuously.” (Lawrie and Nathan) 

W. G. Hayward stresses the superiority of tidal drainage of the bladder 
over both the ordinary catheter drainage and cystostomy for preliminary 
treatment of the surgical prostate, and urges that it be used more often 
for this purpose. 

Chemotherapy 

This section applies not only to diseases of the bladder, but to genito- 
urinary infections in general. 

(1) The Sulfonamides in the Treatment of Urological Conditions 

By far the most generally useful of the drugs at present available for 
the treatment of genito-urinary infections are the sulfonamides, the 
clinical employment of which goes back only to 1937. These are specific 
drugs which have a powerful effect on some bacteria and no effect on 
others. Unaffected organisms may have a natural or an acquired re- 
sistance. 

In 1935, Domagk observed that azo compounds containing sulfonamide 
exerted a selective action on hemolytic streptococcal infections in mice. 
Soon he demonstrated their value in the treatment of such infections in 
man. Trefouel, el al. (1935), after studying many similar compounds, 
suggested sulfanilamide, a colorless compound of equal effectiveness and 
less toxicity than those originally used. Colebrook and Kenny, Long and 
Bliss, Helmholz, Marshall, and others did much experimental work to 
prove the efficacy of sulfanilamide. Dees and Colston (1937) were the 
first in America to record their results with sulfanilamide in the treatment 
of gonorrhea. 

During the past 8 years, research has resulted in the synthesis and 
study of a vast number of sulfanilamide derivatives and allied com- 
pounds. As a result of the attempt to find a derivative with a minimum 
of toxic action while retaining maximum effectiveness, numerous sulfon- 
amide drugs have appeared on the market in rapid succession. At the 
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present time, five of these chemicals are successfully and widely utilized 
in the treatment of human diseases. All of these five — sulfanilamide, 
sulfapyridine, sulfathiazole, sulfadiazine, and sulfaguanidine — have re- 
ceived quite extensive clinical trial in urological practice, and will be 
considered below. 

Mode of Action of Sulfonamides. The action of the sulfonamides is 
essentially bacteriostatic, and is believed to depend upon oxidation which 
inactivates certain enzymes and inhibits bacterial growth. Since the 
action is bacteriostatic, destruction of the bacteria must be completed by 
the natural defense mechanisms of the body. The antibacterial action 
of these drugs is greatly decreased when large numbers of organisms 
are present, as well as when there is tissue destruction with necrosis and 
purulent exudate. 

Pharmacology of Sulfonamides. In general, all sulfonamides act alike, 
although the individual variations are great enough to make some much 
to be preferred over the others for special urological use. They all form 
the active and the inactive, or conjugated, forms in the blood and urine. 
Their pharmacological activity depends upon solubility, absorption, 
excretion, and acetylation. 

The drugs are eliminated almost entirely through the urinary tract, the 
rate of renal excretion varying with the individual chemical. Sulfanila- 
mide is excreted with moderate rapidity. With sulfapyridine the rate is 
variable. Sulfathiazole is excreted very rapidly, making it difficult to 
maintain an adequate blood level; while sulfadiazine is eliminated slowly, 
making it easy to maintain an adequate therapeutic blood level. 

The sulfonamide compounds also differ considerably in their solubility. 
Sulfanilamide is relatively soluble, and renal complications are rare. 
Sulfapyridine, sulfathiazole, sulfadiazine, and their acetyl forms, on the 
other hand, are relatively insoluble, particularly in acid urine, and renal 
complications occur frequently. 

The acetyl derivatives, which are therapeutically useless, appear in the 
blood and urine in approximately the same percentage for each drug 
irrespective of the route of administration. The amount of acetylation 
does not depend upon the concentration of the drug in the blood stream. 
The acetylated forms are ordinarily non-toxic in the amounts formed. 
However, hematuria, renal insufficiency, and even stone-formation may 
result from the deposition of crystals of the acetyl derivatives in the uri- 
nary tract. 

Sulfanilamide. The oldest of the sulfonamide drugs — sulfanilamide — 
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has been largely superseded by newer compounds which are less toxic and 
more effective in most infections. Sulfanilamide is still the drug of 
choice, however, in hemolytic streptococcal and gas bacillus infections. 
It is also effective in gonorrhea, Ducrey bacillus infection (chancroid), 
and infections caused by the Bacillus coli and the Bacillus proteus; these, 
however, are now treated largely by the newer and better tolerated com- 
pounds, such as sulfathiazole and sulfadiazine — sulfanilamide being used, 
as a rule, only if these are not effective. 

Given orally, sulfanilamide is readily absorbed from both sections of 
the intestinal tract, so that adequate blood concentration soon occurs. 
Fully 90 per cent of the amount thus absorbed is excreted by the kidneys 
in a single day, the drug attaining a concentration in the urine 10 to 20 
times greater than in the blood. 

The recommended oral dosage for a serious infection in an adult 
weighing 60 kg. (130 pounds) is an initial dose of 5.4 Gm. followed by a 
maintenance dose of 0.9 Gm. every 4 hours, day and night. After the 
temperature has been normal for 24 hours, the dose may be cut in half. 
When the patient is moderately ill, the initial dose should be reduced to 
4 Gm., but the maintenance dose should be the same as in severe infec- 
tions. Small doses — 1.8 to 2.7 Gm. daily — are used for ambulatory 
patients, for infections amenable to small amounts of sulfanilamide, for 
those who do not tolerate the drug well, and when the drug is to be ad- 
ministered over considerable periods of time. For children, one-half to 
three-quarters the adult dosage should be used; and for young infants, 
one-third, or never more than one-half, the adult dosage is sufficient. 

The usual course of treatment is 10 to 14 days if the drug is well 
tolerated. Therapeutic response is usually evident within 48 hours. 
After clinical improvement, the dose is gradually decreased. If there 5s 
no clinical response in from 5 to 7 days, the drug should be stopped. 

There is great risk of toxic effects with massive doses of sulfanilamide, 
and the blood sulfanilamide level, hemoglobin, and red and white cell 
count must be checked daily while they are being given. As a rule, the 
toxic manifestations are proportional to the amount of the drug ingested, 
although the tolerance of individual patients varies greatly. The con- 
dition of the kidneys, especially with respect to function, is to be con- 
sidered before subtoxic doses of sulfanilamide are given. Seriously im- 
paired renal function is contraindicative to the use of sulfanilamide in 
amounts greater than 1.8 Gm. daily. 

Since sulfanilamide tends to produce an acidosis, sufficient bicarbonate 
of soda should be given to render the urine neutral or alkaline in reaction. 
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Sulfanilamide is usually given orally, but if it cannot be taken by 
mouth, it may be injected subcutaneously. Intravenous administration 
is not advisable or necessary. 

Sulfapyridine. While sulfapyridine has proved effective in a number 
of infections, it has been most useful in pneumonia. Its chief urological 
use has been in the management of gonorrhea. This drug is excreted 
much more slowly by the kidneys than is sulfanilamide, and, in com- 
parison with the latter, is less soluble and therefore not so readily ab- 
sorbed from the intestinal tract. If administered orally, much of it will 
not be absorbed at all, and can be retrieved almost completely from the 
feces. 

Helmholz, experimenting with 10 different strains of Staphylococcus 
aureus to determine the relative usefulness of sulfapyridine, sulfathiazole, 
sulfadiazine, and sulfacetimide in the control of infections of the upper 
urinary tract, found that "sulfapyridine does not exhibit nearly the 
bacteriostatic effect that the other three sulfonamide compounds do at 
any of the four concentrations” which he tried. He concluded: “Inas- 
much as high figures for turbidity indicate a low degree of bacteriostatic 
power, the drug having the lowest average for turbidity has the greatest 
bacteriostatic action, and so, one gets a pretty good idea of the relative 
value of these compounds from the following averages of the degrees of 
turbidity: sulfathiazole, 0.57,- sulfacetimide, 1.47; sulfadiazine, 1.74, and 
sulfapyridine, 3.03.” These findings of Helmholz confirm the general 
testimony of writers on uroiogical subjects, most of whom have found 
that sulfapyridine is not of outstanding value except in the treatment of 
gonorrhea. 

In the management of gonorrhea, relatively small doses of sulfa- 
pyridine — 2 Gm. daily in 4 doses — have proved effective in a high per- 
centage of cases. 

When sulfapyridine is administered orally, certain patients do not 
attain a sufficiently high blood concentration of the drug to make the 
therapy effective. For them, the monohydrate sodium salt — sodium 
sulfapyridine — Intravenously injected, is preferable, at least for the 
initial dose. Intravenous administration is also useful when, oral therapy 
is, for any reason, impossible, or when enough of the drug cannot be ab- 
sorbed from the alimentary tract (for example, in persistent vomiting) 
to control the infection. It is customarily given in a 5 per cent solution, 
either distilled water or physiological saline being the medium. To ob- 
tain a blood level of 5 to 8 mg. per cent, a dosage of 0.03 Gm. per pound of 
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body weight is the standard, with a maintenance dosage of 0,015 Gm. per 
pound of body weight. 

Sulfapyridine is relatively well tolerated by the majority of patients. 
Serious toxic reactions occur less frequently than with sulfanilamide, but 
minor toxic reactions (fever, drug rash) are common. 

Kalak water has been found useful in counteracting two distinct dis- 
advantages of sulfapyridine: (1) the occurrence of nausea and vomiting, 
and (2) the tendency to the formation of calculi composed of acetylated 
sulfapyridine. If enough water is given to cause methyl-red paper to 
become distinctly yellow when dipped in urine, the crystals of the acet- 
ylated form of the drug will be dissolved, and the loosely combined aggre- 
gate of crystals, designated as “calculi,” will disintegrate, thus obviating 
the trauma to the renal pelvis and tubules responsible for hematuria. In 
counteracting vomiting, Kalak water serves well as a vehicle for adminis- 
tration, when the drug is taken orally. Fifty cc. of the water may be 
used for disintegrating and suspending the drug, with a total intake there- 
after up to 1,500 cc. each day. 

Sulfathiazole. Sulfathiazole, evolved by Fosbinder and Waters in 
1939, is extensively used in urological practice. Not only is it more 
rapidly and uniformly absorbed than sulfanilamide and sulfapyridine, 
but there is less conjugation after absorption and less tendency to cause 
serious nausea and vomiting. It is quickly excreted in the urine, from 
SO to 90 per cent being eliminated in 24 hours. 

At the Brady Foundation, of the New York Hospital, sulfathiazole is 
given orally, intravenously, and as a powder for dressing open wounds, 
and has proved satisfactory in all three requirements. It is especially 
useful in all types of gonorrheal infection, but particularly urethritis in 
the male — all signs of the infection frequently disappearing in from 4S to 
72 hours. In addition, it is the most effective drug (except penicillin) 
against the Staphylococcus aureus, and is very useful in the treatment of 
genito-urinary infections due to the Bacillus coli ( Escherichia ), Bacillus 
pyocyaneous. Streptococcus jaecalis, and Aerobacter acrogcnes. 

In both acute and chronic gonorrheal infections, sulfathiazole has pro- 
duced a high percentage of cures, in less time than sulfanilamide and 
sulfapyridine and with fewer and milder side-effects. Blood levels of 
1.5 to 3 mg. per cent are effective. Adult patients are usually given 2 
Gm. daily, in 4 doses, for from 7 to 10 days. The initial response is usu- 
ally rapid. In chronic infections, it may be necessary to give a second 
course of medication, of similar amount and duration, after a brief rest 
period. 
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In urinary-tract infections, the usual dosage is 2 Gm. followed by 1 Gm. 
every 6 hours, producing a blood level of 3.0 to 3.5 mg. per cent. 

The recommended dosage for infants and children is 30 mg. per pound 
of body weight. 

Sulfathiazole, in conservative doses (2 Gm. daily), is particularly useful 
before and after urological operations, to prevent or combat infection. 
Non-specific infections of the bladder following transurethral resection 
of the prostate gland have proved especially amenable to small doses of 
this drug. The infection is not eradicated within two or three days, but 
the relief from dysuria, frequency, etc. is, often very marked. 

Sodium sulfathiazole can be given intravenously — with Ringer’s solu- 
tion, dextrose, or distilled water as the medium. It is available in 10 cc. 
ampoules of 25 per cent concentration (2.5 Gm.). 

Severe toxic reactions are infrequent with sulfathiazole, and it pro- 
duces less nausea and vomiting than sulfapyridine. It is claimed that 
skin rashes and conjunctivitis are more often encountered with sulfa- 
thiazole than with the other sulfa drugs, but this has not been our ex- 
perience. The tendency to crystal formation in the urine is about the 
same as with sulfapyridine, and greater than with sulfanilamide; this can 
be overcome by giving plenty of fluids and keeping the urine alkaline 
by the administration of sodium bicarbonate (see p. 1 172) . It is generally 
conceded that individuals with kidney impairment excrete sulfathiazole 
very poorly, as the damaged kidney is unable to concentrate the drug. 

Sulfadiazine. Sulfadiazine has been found tb be effective in most of 
the urological conditions benefited by sulfonamide therapy. It is readily 
absorbed into the blood stream, and is not excreted as rapidly as sulfa- 
thiazole, disappearing slowly from the blood. Small quantities of sulfa- 
diazine will maintain a high level in the blood. It readily diffuses into 
the pleural and ascitic fluids, and at a somewhat slower rate into the 
cerebro-spinal fluid. It is definitely the least toxic of the sulfonamides, 
and appears to have less tendency to form crystals in the urine than sulfa- 
thiazole. At the Brady Foundation, we have found it satisfactory for 
both oral and intravenous administration, as well as for use, in powder 
form, in open wounds. This drug is of proved merit in both acute and 
chronic gonorrheal infections and in most of the more common non- 
specific infections occurring in the urinary tract. Because of its antibac- 
terial action against many types of bacteria and the absence of toxic side- 
effects, it is widely used by uroiogists. 

In both gonorrheal infections and non-specific urinary-tract infections, 
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3 Gm. of sulfadiazine daily, in 4 doses, is usually satisfactory. In a large 
series, representing all types of urinary-tract infections, L. F. Greene 
and his co-workers gave sulfadiazine regularly — 3 Gm. daily, in divided 
doses. In some cases as little as 1.5 or 2 Gm. daily sterilized the urine, 
though in others considerably higher dosage was required. There were 
fewer unpleasant side-effects than had been encountered previously, 
when other sulfonamides had been given. 

From 2 to 3 Gm. of sulfadiazine daily, in divided doses, before and 
after urological operations, has been found very useful in preventing or 
combating urinary infection, and in reducing' to a minimum the inci- 
dence of postoperative pneumonia and wound infections. 

For children, the recommended dosage is as follows: 6 months and 
under, 0.5 Gm. followed by 0.25 Gm. 4 times daily; 6 months to 3 years, 1 
Gm. followed by 0.5 Gm. 4 times daily; 3 to 10 years, 2 Gm. followed by 
0.5 Gm. 4 times daily. 

If an adequate blood concentration cannot be obtained by oral adminis- 
tration alone, oral treatment may be supplemented by the intravenous 
injection of sodium sulfadiazine. Intravenous administration is also 
indicated in patients who are unable to take the drug by mouth, and in 
critically ill patients who require immediate and adequate medication to 
save life. Sodium sulfadiazine is available in 10 cc. ampoules of 25 per 
cent concentration in distilled water (2.5 Gm.). The injections should be 
made slowly, care being taken to prevent the solution from entering the 
subcutaneous tissues. The dosage of 2.5 Gm. may be repeated in 0 to 12 
hours, depending upon the concentration desired, and whether the drug 
is being given intravenously only or also by mouth. 

Although hematuria and urinary crystallization are less frequent with 
sulfadiazine than with sulfathiazole and sulfapyridinc, their occur- 
rence is relatively common. It is, therefore, important that the patient 
take plenty of fluids and that his urine be kept alkaline by the adminis- 
tration of sodium bicarbonate in sufficient amounts (p. 1172). 

Paradoxically, in the lack of toxic side-effects lies one of the chief 
dangers of sulfadiazine therapy. The absence of gastrointestinal dis- 
turbances permits patients to take this drug over a longer period of time 
and in larger doses than is usual with the other sulfa drugs. Overcon- 
fidence on the part of the physician, due to the lack of toxic manifesta- 
tions, may permit renal complications to develop insidiously. These 
vary from transitory hematuria to anuria and death. The strict ob- 
servation of the patient and frequent examination of the blood and urine 
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that are necessary with other sulfatherapy are just as important when 
sulfadiazine is being given, despite the greater tolerability of most pa- 
tients to this drug. 

Sulfaguanidine. Sulfaguanidine has a more limited usefulness than 
the other sulfa drugs, being employed chiefly in bacillary dysentery and 
preoperatively in intestinal surgery. Because it is poorly absorbed 
from the digestive tract, and produces low concentrations in the blood 
and tissues, it cannot be used as a substitute for sulfanilamide or other 
sulfa compounds. It has, however, a high bacteriostatic action against 
many of the bacteria which may occur in the gastrointestinal tract. 

In urological practice, sulfaguanidine has proved a valuable aid in the 
prevention of infection of the upper urinary tract following transplanta- 
tion of the ureters to the sigmoid. The drug is given orally for 4 or 5 
days before operation, the recommended dosage being 0.0S Gm. per kg. 
of body weight every 8 hours, day and night. As soon as possible after 
operation, the same dose of the drug is started again by mouth and con- 
tinued for from 5 to 7 days. 

Use of Sulfonamides in Surgical Wounds. In operations upon in- 
fected kidneys, or in extensive traumatic injuries involving parts of the 
urinary tract, sulfonamides introduced directly into the operative wound 
are proving increasingly useful. In a series of experiments carried out by 
Walter and Cole, the effect of crystals of both sulfanilamide and sulfa- 
diazine placed in the peritoneal cavity was studied both with animals and 
human patients. They found that sulfadiazine was regularly superior 
to sulfanilamide, being not only less toxic but having a far wider range of 
specificity, as it is effective against the hemolytic streptococcus and many 
other bacteria. They found a much more persistent blood level with 
sulfadiazine than with the older compound. Sulfonamide drugs were 
used in the peritoneal cavity following operation only in those cases 
where there was proof or reason to believe that contamination had taken 
place. When sulfadiazine is used, it should be spread evenly over the 
surface of the exposed area so that it will not accumulate in clumps, as 
these may cause a foreign-body tissue reaction which would delay healing. 
Six gm. was adopted as a routine dose, 4 Gm. being implanted in the peri- 
toneal cavity and 2 Gm. in the wound at the end of the operation, the 
powder being evenly sprinkled over the entire surface. 

At the Brady Foundation, we have for some time been placing from 1 to 
3 Gm. of sterile sulfathiazole or sulfadiazine powder in grossly or poten- 
tially infected operative wounds, with very beneficial results.’ Too large 
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doses should be avoided, as there is always the danger of lowering the 
vitality of the tissues and thereby producing more harm than good. 

Elsewhere in these pages we have mentioned several other local uses 
of the sulfonamides, such as in surgically drained abscess cavities, in the 
treatment of chancroidal ulcers, etc. 

Complications of the Sulfonamides. The unfolding of the therapeutic 
possibilities of the sulfonamides has brought with it increasing recognition 
of the unpleasant and occasionally serious side-effects which may attend 
their administration. These are exceedingly potent chemicals, and no 
satisfactory explanation of their mechanism of action has yet been found. 
Even in the case of the newer derivatives of relatively low toxicity, the 
potential harmful effects, and the varied response of individuals, must 
always be considered. 

The toxic manifestations are usually transitory and mild in form, and 
include headache, anorexia, nausea, dyspnea, slight cyanosis, slight 
acidosis, and drug rash. As a rule, these subside promptly on decrease 
of the dose or, if the symptoms are more pronounced, withdrawal of the 
drug and forcing of fluids. 

Besides these reactions, which are common to most drug idiosyncrasies, 
more serious toxic manifestations may follow the use of the sulfonamides: 
drug fever, persistent and severe nausea and vomiting, severe acidosis, 
psychoses and delirium, toxic hepatitis, polyneuritis, and blood dyscrasias. 
Any of these chemicals is capable of inflicting severe injury on the blood, 
although these reactions are rare with sulfadiazine and relatively uncom- 
mon with sulfathiazole. Anemia, which may progress to the acute 
hemolytic type, leukopenia, methemoglobinemia, and agranulocytosis 
have all been reported. Leukopenia and agranulocytosis are more apt 
to occur in patients who have had large doses of the sulfonamides over a 
long period of time. Mild cyanosis alone is not usually regarded as an 
indication for discontinuance of the drug. However, with cyarfosis the 
blood picture must be carefully watched for impending blood disorder, 
especially acute hemolytic anemia and agranulocytosis. Methemoglo- 
binemia and sulphemoglobinemia also arc frequently ushered in with 
cyanosis. The appearance of any blood dyscrasia indicates immediate 
cessation of the drug and appropriate constitutional treatment: forcing 
of fluids, alkalinization, iron and liver tonics, and blood transfusions as 
indicated. 

Drug fever is rare with sulfadiazine, but occasionally occurs with sulfa- 
thiazole and quite frequently with the older compounds. These patientr 
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usually become cyanotic and their nails turn blue. Drug fever may be 
suspected if a patient suddenly develops fever, chills, headache, and 
malaise after there has been a marked improvement in his general physical 
condition. Immediate withdrawal of the drug is indicated. The forcing 
of fluids and administration of methylene blue pills will hasten recovery. 
The differential diagnosis between the development of a new focus of in- 
fection and drug fever must be made with care, but in doubtful cases it is 
better to play safe and stop the drug. If the temperature is due to the 
drug, it will subside to normal or be markedly reduced within 24 hours. 

If liver function is known to be poor, or the patient gives a history of 
previous “liver trouble,” the use of a compound which experience has 
shown causes hepatic disturbance is contraindicated. As sulfanilamide 
has been proved to have this effect, it should be avoided and sulfapy ridine 
or, preferably, sulfa thiazole or sulfadiazine used instead. 

Renal complications, varying from slight hematuria to anuria, cal- 
culus-formation, nitrogen retention, uremia, and death, are, unfor- 
tunately, quite common, even with the relatively non-toxic sulfadiazine, 
as many recent reports in the literature bear witness. Newman and 
Shlesser have reported the removal of a sulfonamide renal calculus two 
years after sulfapy ridine therapy. These complications are considered 
below. 

Only recently has it been shown, both by postmortem and clinical 
evidence, that definite myocarditis may occur as a direct result of these 
drugs in patients who, previously, presented no evidence of organic 
heart disease. 

Renal Obstruction Due to Crystalline Deposits. Renal obstruction 
during treatment with sulfapyridine, sulfathiazole, and sulfadiazine has 
been frequently reported in the recent literature, and is attributed to the 
poor solubility of these drugs and their acetyl derivatives. Sulfanil- 
amide, being a relatively soluble drug, is less apt to cause renal com- 
plications. 

So-called “sulfonamide anuria” may be (1) mechanical, and due to 
blockage of the ureters or uriniferous tubules by crystalline deposits, or 
(2) chemical, and due to acute toxic degenerative nephritis caused by 
calcifying necrosis. In the latter type, the convoluted tubules of the 
kidney are filled with small, brown particles of gravel-like material, tissue 
damage being associated with the toxic effect of the crystals of the acetyl 
drug rather than with reactive phenomena such as secondary infection 
(MathS). Because of the tendency toward intratubular precipitation of 
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crystals of sulfathiazole and sulfadiazine, renal complications may be 
more serious than those found with sulfapyridine. 

Crystallization is now known to occur more readily in add urine; 
therefore, maintenance of a consistently alkaline urine by the adminis- 
tration of sufficient alkalis is regarded as the surest means of preventing 
renal complications during sulfathiazole and sulfadiazine therapy. 

The investigations of Fox, Jensen, and Mudge showed that there is a 
very sudden and decided increase in the solubility of sulfathiazole, sulfa- 
diazine, and their acetyl forms as the urine is made alkaline, 'which they 
explained on the basis that these drugs and their acetyl derivatives are 
weak acids which ionize and form soluble salts in an alkaline urine, ■ They 
state; .■ 

As the />H is raised from S.O to 7.0 there is little salt formation and the solubility in 
urine is not appreciably decreased; from pH 7.0 to 8 0, however, there is*fextensive salt 
formation and the solubility of sulfathiazole and sulfadiazine, both frefc and acetyl, 
is greatly increased. In the case of sulfapyridine and its acetyl form, on the other 
hand, extensive salt formation does not occur until pH 9.0 and 10 0 respectively are 
reached— beyond the pH range of urine; this accounts for the failure of alkali therapy 
to prevent renal precipitation of this drug. With sulfanilamide, salt formation does 
not occur until 10.6 is reached; but, in contrast to the preceding drugs, it is a 
relatively soluble substance. 

They further state: 

It is important to realize as these drugs are secreted by the kidney a concentration 
of 10 mg. per 100 cc. in the blood may be increased to 300 mg. per 100 cc. in the 
unne as a result of reabsorption of water by the tubules. In addition, base is also 
reabsorbed and the pH may be lowered from that of the blood (7.4) to as low as 3.5, 
commonly found in the urine. By thus lowering the pH in the case of sulfathiazole, 
sulfadiazine and their acetyl forms, the soluble salts are converted to the relatively 
insoluble acids, and precipitation takes place. The function of the alkali is to prevent 
this fall in pH during the formation of urine. 

These investigators believe that the quantity of alkali needed to prevent 
obstructive crystalluria should be governed primarily by the />H of the 
urine (which should be measured frequently) and not by the amount of 
sulfonamide given. “To maintain sulfadiazine in solution during full 
therapeutic dosage, a pH. of 7.5 or more is essential.” 

Gilllgan and his associates at Cornell University Medical. College 
studied the solubilities of sulfadiazine and its conjugation products, and 
found that at a />H of 5.2 there was an acetylsulfadiazine solubility of 
about 10 mg. per 100 cc., which was increased to 60 mg. at pH 6.5. With 
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alkaline urine (pH 7.5) the solubility was over 500 rag. per 100 cc., which 
is a solubility from 10 to 50 times greater than in acid solutions. Clin- 
ically, it was noted that in 172 patients, whose urine was add, crystals 
appeared when they were put on sulfadiazine therapy; but 147 patients, 
whose urine was rendered alkaline by the oral administration of sodium 
bicarbonate before sulfadiazine therapy was begun, yielded but two speci- 
mens showing crystalluria, and these cleared up when further sodium 
bicarbonate was given. These workers used from 13.7 to 19.5 gm. of 
alkali daily' in 6 doses, and found it well tolerated in all instances. They 
warn, however, that these figures are high in patients suffering renal or 
cardiac insufficiency. 

There seems to be general agreement among those who have carefully 
studied the subject that the prevention of crystal deposition is best ac- 
complished by reducing the dosage of the drug to a maximum of 4 gm. 
daily, maintaining the blood level below 8 mg. per 100 cc., forcing fluids 
to a daily urine output of 1,200 to 1,500 cc., and alkalinizing the urine to 
a sustained pH of 7.5 by the administration of sodium bicarbonate. 

Ciystalluria is not in itself adequate reason for discontinuing sulfa- 
therapy. In most cases, the crystals pass through the urinary tract with 
no injurious effects. Not infrequently, however, they accumulate in the 
renal tubules, papillae, or pelves, or in the ureters, obstructing the outflow 
of urines Factors that undoubtedly favor the accumulation of crystal- 
line deposits, in addition to acid urine, are obstructive lesions of the upper 
and lower urinary tracts, stasis, infection, and prolonged use of the 
sulfonamide. Mathe points out that, with sulfadiazine, renal complica- 
tions are much more likely to occur during a second course of therapy. 

Signs and symptoms pointing to renal obstruction and impending anu- 
ria are: dull, aching pain over the lumbar and suprapubic regions, colic 
(occasionally), kidney tenderness, azotemia, reduction in the amount of 
urine, and finding in it crystals, red blood cells, and albumin. Fre- 
quently there is nausea and vomiting. 

The occurrence of these symptoms is indication for immediate with- 
drawal of the drug and the administration of alkalis, forcing of fluids, and 
intravenous injection of glucose. In some cases this may result in the 
resumption of urinary excretion. If anuria persists, ureteral catheters 
should be passed to the renal pelves, or as far up the obstructed ureters 
as possible, and the pelves and ureters lavaged with warm sodium bi- 
carbonate solution, as advocated by Fox and his associates. This solu- 
tion dissolves the drug crystals much better than warm water or Isotonic 
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solution of sodium chloride, in which these drugs are very slightly soluble. 
In fact, these authors believe that the utilization of renal pelvic lavage 
with sodium bicarbonate solution “in routine therapy with sulfathiazole 
and sulfadiazine in average doses, would remove the hazard of their renal 
complications.” The mere passage of the catheters often dislodges 
showers of crystals in the ureters. Retention catheters should be left in 
place for 24 hours or as long as necessary to drain and irrigate away most 
of the crystals. If it is impossible to pass catheters up the obstructed 
ureters, or at least to one renal pelvis, nephrostomy drainage must be 
carried out at once. Time is an extremely important factor in these 
cases. 

General Rules for Sulfonamide -Therapy. It cannot be too often em- 
phasized that any patient taking a sulfonamide compound should be 
carefully watched throughout the course. Whenever possible, the patient 
should be under hospital supervision. If he must of necessity be ambula- 
tory, he should have daily medical supervision for evidence of toxicity 
or renal obstruction, and his conduct should be strictly regulated. Am- 
bulatory patients should be warned of possible dangers and urged to re- 
port promptly the slightest indication of untoward reactions. They must 
refrain from all alcoholic drinks, and under no circumstances drive motor 
vehicles, as disorientation is common even without serious reaction. 

Not until we have had greater experience with these valuable but po- 
tentially dangerous drugs can any set rules for the avoidance of complica- 
tions be laid down. Certain general principles should, however , be ob- 
served: 

1. Restriction of Dosage. Two Gm. of a sulfonamide drug daily, in 
divided doses, is the maximum safe dosage for ambulatory patients. For 
hospitalized patients and those under constant competent supervision, 
larger doses are permissible, and are often advisable. However, it is 
our belief that many of the serious complications that have occurred with 
sulfonamide therapy undoubtedly have resulted from overdosage, par- 
ticularly in the beginning of its administration. In common with many 
urologists, we have not found large doses of the sulfonamides necessary 
in urological practice, and customarily give smaller doses than the average 
practitioner. 

2. Adequate Intake of Fluids. An adequate intake of fluids (2,500 to 
3,000 cc. daily 7 ) is very important when any sulfonamide is being taken, 
but particularly in therapy with sulfapyridinc since, with this drug, 
alkalinization of the urine is less effective in preventing precipitation of 
crystals than with sulfathiazole and sulfadiazine. 
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3. Alkalinization of the Urine. Alkalinization, with the pH of the 
urine as a guide, is of particular importance In sulfathiazole and sulfa- 
diazine therapy. This has been considered in the foregoing section on 
renal obstruction. It is our practice to give at least 2 gm. of sodium 
bicarbonate with each dose of a sulfonamide drug, which usually is satis- 
factory with the moderate dosage employed by us. Larger doses of 
alkali may, however, be necessary. 

4. Frequent Examination of Blood and Urine. It is especially im- 
portant to watch for a reduction in the hemoglobin, as this may lead to 
increased leukocyte production, demonstrated on blood examination by 
the presence of many immature cells. Regular blood examination 
throughout the course of sulfatherapy should include hemoglobin es- 
timation, red blood corpuscle and leukocyte count, and differential count 
of the white cells. If anemia develops rapidly, or immature leukocytes 
develop in the blood stream, the drug must be at once withdrawn. Very 
severe reactions may require blood transfusion. 

Because of the likelihood of crystal formation, the urine should be 
carefully watched and any indication of hematuria promptly noted. Re- 
tention and oliguria are other danger signals requiring prompt action. 

5. Withdrawal of the Drug on Appearance of Certain Reactions. With- 
drawal of the drug is indicated if drug fever, drug rash, severe nausea and 
vomiting, infection of the sclera or conjunctiva, or cyanosis is noted. 
Usually the prompt discontinuance of the drug will cause these unfavor- 
able side-efTccts to disappear. 

It is obvious from the above that, while the sulfonamides have a wide 
field of usefulness, being very effective in many diseases, their adminis- 
tration is not without danger. Their use in the right instances, with 
careful control, has achieved notable successes in treating infections; but 
they should not be used in infections that are so mild that the danger of 
the toxic reactions offsets the danger of the disease. 

Method of Determining Concentration of a Sulfonamide Drug in 
Blood and Other Tissue Fluids. The method described here is applicable 
for determining the concentration of the known sulfonamides in the 
body fluids of man or animals. This method was developed in the 
laboratories of Dr. E. K. Marshall, Jr., of Johns Hopkins University. 

The reagents necessary for this determination are as follows: 

1. A IS per cent solution of trichloracetic acid in distilled water. 

2. A 0.05 per cent solution of saponin in distilled water. 

3. A O.t per cent solution of sodium nitrate (wry pure grade and to be prepared 

fresh each day). 
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4. A 0.1 per cent solution of N-(l-naphthyl) -ethylene diamine dihydrochloride 

(to be kept in a dark-colored bottle). 

5. A 4N solution of hydrochloric acid. 

6. A 0.5 per cent solution of ammonium sulfamate in distilled water. 

7. A solution of the compound under test, i.e., sulfanilamide, sulfapyridine, sulfa- 

thiazole, etc., containing 10 mg. per 100 cc. of distilled water. This solution 
serves as the stock solution, and may be kept for long periods in the dark 
and in the refrigerator. 

To prepare working standards from the stock solution, a sufficient quan- 
tity of the stock is diluted with 18 cc. of trichloracetic acid, then brought 
to 100 cc. volume with distilled water so that the final working standards 
contain 0.2, 0.5 and 1.0 mg. per cent, respectively. Tissue fluids will 
usually fall within the range of one of these standards. The stock stand- 
ard may be made up to 20 mg. per cent, but some of these compounds will 
go into solution at that concentration with difficulty. It is therefore 
advisable to use 10 mg. per cent. 

Procedure for Blood. Two cc. of oxalated blood is measured into 30 
cc. of the saponin solution with shaking, and, after a few minutes, to allow 
for the laking of the blood cells, 8 cc. of the solution of trichloracetic acid 
is added to precipitate the blood proteins. After a few minutes the pre- 
cipitate is filtered off, and the compound under test is determined in the 
filtrate by adding 1 cc. of the sodium nitrate solution to 10 cc. of ac- 
curately measured filtrate. After 3 minutes’ standing, to allow for diazo- 
tization, 1 cc. of the sulfamate solution is added. Two minutes are 
allowed and then 1 cc. of the N-(l-naphthyl)-cthylene diamine dihydro- 
chloride is added. Within 5 minutes the color that is formed will be com- 
plete and the comparison may be made in a colorimeter with an appro- 
priate standard, 10 cc. of which has been treated in the same manner as 
the 10 cc. of filtrate. The amount of compound under test in the un- 
known tissue fluid is then computed from the reading in the colorimeter. 

The use of the following representative formula is helpful: 


S X C x D 
R 


mg. per 100 cc. 


5 = concentration of the standard employed, i.e., either 0.2, 0.5 or 1 
mg. per cent. 

C = the setting at which the standard solution was put on the colorim- 
eter. 

D — the dilution to which the unknown sample was subjected. 

R = the reading on the colorimeter on the unknown side. 

All determinations should be made at a uniform temperature. 
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(2) Other Urinary Antiseptics 

Methenamine. One of the most useful drugs for the treatment of 
colon bacillus and staphylococcus infections of the urinary tract, and 
one that has been widely employed for more than a quarter of a century, 
is methenamine (hexamethylenamine), which was introduced as a urinary 
antiseptic in 1894 by Nicolaier, who called it urotropine. It is chemically 
stable, non-toxic, and inexpensive, and can be administered in large 
quantities without injury. It is excreted unchanged by the kidneys, 
and becomes active in the urine through the formation of formaldehyde. 
While methenamine is not in itself bactericidal, the formaldehyde which 
it liberates is an efficient germicide. The splitting of methenamine into 
formaldehyde and ammonia takes place only in acid urine. A pH of 
below 5.6 is necessary if a sufficient amount of formaldehyde is to be 
generated. Helmholz showed that a dose of methenamine at a pH of 
5.0 gave cultural death in 24 hours, whereas ten times the original dose 
at a pH of 6.0 gave no bacteriostasis. 

In making use of methenamine it is important to bear in mind that 
its action depends not only upon the acidity of the urine but also upon 
the reaction time of the conversion of its elements into formaldehyde 
(Hinman). The acidity of the urine is influenced by both metabolic 
and bacterial changes. In the absence of bacteria, the reaction is usually 
acid. When the urine is neutral or alkaline from either disease or diet, 
the utilization of a high acid ash diet and the oral administration of 
acidifying drugs, such as add sodium phosphate, sodium benzoate, and 
ammonium chloride ur nitrate, will quickly render it add. The alka- 
linity of the urine, due to the presence of organisms which decompose 
the urea, cannot as a rule be changed by the administration of acid- 
producing drugs. The value of methenamine for bladder conditions in 
which there is frequency, or where continuous drainage has been estab- 
lished, is largely destroyed by the necessity for time to permit accumula- 
tion of formaldehyde in antiseptic amount. 

Methenamine is particularly useful in cases where medication must 
be given over long periods of time, as in cord bladder with residual 
urine. The drug has the advantige of being effective regardless of 
the kidney function. In office practice, many patients can tolerate 
methenamine and remain ambulatory, whereas with mandelic acid or 
the sulfonamides they are unable to do so. 

For the treatment to be effective, the methenamine and acid sodium 
phosphate, or other acidifier, must be given in sufficiently large doses — 
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not less than 4 Gm. a day, in 3 or 4 doses. A high acid ash diet may be 
used in combination with the drug therapy. 

Mandelamine. A newer drug of the same class as methenamine — 
methenamine mandelate, marketed under the trade name mandelamine — 
has given excellent results in the service of Kirwin, and seems to offer 
marked advantages over the older compounds. It has been used ex- 
tensively in simple cystitis and the bladder inflammation induced by 
prostatic hypertrophy; but it is in renal infections, particularly, that its 
efficiency has been notable. The average dose is 3 tablets 3 times daily, 
each tablet containing 0.25 Gm. of methenamine mandelate, making the 
total daily dosage 2.25 Gm.; of this, 1.18 Gm. is mandelate add, and 1.07 
Gm. methenamine, by analysis. The evidences of intoxication so 
often seen when using other forms of mandelic acid — nausea, vomiting, 
and gastrointestinal distress— have never, in our experience, been ob- 
served. The urine will often be cleared of organisms in from 3 to 5 days, 
though in certain cases it has been necessary to persist with the treatment 
for a longer period. The patient can remain on his regular diet through- 
out the course of treatment. 

Hexylresorcinol. Hexyl resorcinol (caprokol) for a time had a wide- 
spread popularity as a urinary antiseptic, but is now little used for this 
purpose. Coccal infections yield better to this drug than those due to 
the colon badllus. It has the advantage of acting in both acid and 
alkaline urines. 

Acriflavine. Acriflavine has definite usefulness, particularly in acute 
infections, but in a considerable proportion of cases it causes unpleasant 
gastrointestinal symptoms, thus limiting its clinical value as an internal 
antiseptic. In an alkaline urine it exerts a bactericidal effect against 
both the staphylococcus and colon bacillus. Its antiseptic action is 
fairly rapid, appearing 2 hours after administration-and lasting at least 8 
hours. 

Methylene Blue. Methylene blue, the best known of the group of 
diphenylamine dyes, has proved anti-staphylococcic properties, but it 
has an irritative effect on the digestive system, and with decreased renal 
function, there may be marked renal irritation. We frequently use this 
drug in cases of urogenital tuberculosis, where it is often very useful in 
relieving the distressing vesical symptoms. Other urologists use it 
regularly for patients who have had transurethral resections. It appears 
to have but little bactericidal effect on the common bacillary infections. 
The usual dosage is 0.06 Cm. 4 times a day. It has been found that the 
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staphylococcus quickly adapts itself to the dye and becomes immune 
to its effects after a relatively short time; therefore, temporary' discon- 
tinuance of the drug is advisable. 

Pyridium and Other Azo Dyes. Pyridium, serenium, niazo (neo- 
tropin), and other azo dyes have entered the field of urinary antiseptics 
relatively recently'. As with most urinary antiseptics, opinions differ 
widely regarding their efficacy'. Their low toxicity and the fact that 
they act in both alkaline and acid urines have won them numerous 
adherents, particularly in the treatment of infections produced by the 
gonococcus and staphylococcus. On the whole, however, their bacteri- 
cidal properties have been found to be very slight. 

For stubbornly alkaline urine, pyridium, 0.1 Gm. 3 times a day has been 
found useful. 

Oil of Santal. Oil of santal has been widely' used for centuries as a 
specific for gonococcal urethritis. Although much less popular than 
formerly, it is still regarded as a useful drug in the treatment of gonorrhea. 

Neoarsphenamine. This antiseptic is used specifically for resistant 
coccal infections. Pace found that neoarsphenamine, as a source of urine 
arsenic, is bacteriostatic and probably bactericidal in a concentration of 
nine parts per million. It is used in infections due to Staphylococcus 
aureus, Micrococcus ealarrhalis , and Streptococcus Jaecalis. The chemical 
nature of the excreted arsenic is unknown. 

The usual dosage is 0.2 Gm. given intravenously, followed by 0.3 Gm. 
in 5 to 7 days. When no improvement follows two or three such doses, 
larger or additional doses are rarely effective. 

Mandelic Acid. After several years of clinical trial and evaluation, 
mandelic acid has proved its bactericidal potency in the treatment of 
certain urinary' infections, and has gained widespread acceptance as a 
relatively simple and rapidly' effective method of combating certain of the 
organisms commonly found in the urinary tract,notably the colon bacillus. 

Mandelic acid was introduced as a urinary' antiseptic by' Rosenheim 
in 1935 as the culmination of a search for a therapeutic agent that might 
replace the cumbersome and unpleasant ketogenic diet in the treatment 
or urinary' infections. In 1933 Fuller showed that 0-hydro xy-butyric 
acid — one of the keto-acids — is the active bacteriostatic agent in the 
urine of patients being treated for urinary' infections with the ketogenic 
diet. Oral administration of ^-hydroxy-butyric acid itself, however, 
proved ineffective because it is completely oxidized before it is excreted 
by' the kidney's. A search was then begun for a keto or hydroxy-acid 
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■which would combine effective bacteriostatic power with resistance to 
oxidation. Such an acid, if non-toxic and if excreted unchanged in the 
urine, should be able to replace the ketogenic diet. In 1935, after 
rejecting several other agents, Rosenheim introduced as a urinary anti- 
septic mandelic add, an aromatic hydroxy-add (known chemically as 
a hydroxyphenylacetic add) which, as early as 1883, had been shown by 
Schotten to be excreted unaltered in the urine of dogs. 

Mandelic acid escapes metabolism in the animal organism and, when 
orally administered, is excreted in the urine in a concentration of from 
0.25 to 1 per cent, which, at a f>H ranging from 5.0 to 5.7, is sufficient to 
kill most of the agents of the more common urinary infections. The 
more add the urine, the more pronounced the bacteriddal effect of the 
mandelic add and the less the concentration of the acid required. 

The urinary pathogen that has responded best to mandelic acid therapy 
is the Escherichia coli. Series of cases have been reported by a long 
list of authors indicating that in uncomplicated bacillary infections steri- 
lization of the urine may be expected in over 80 per cent of the cases. 
Other organisms which have responded to treatment, but less effectively, 
are B. pyocyaneits, Aerobacter aerogenes , B. proteus, staph ylococd, and 
streptococd. Streptococcus Jaecalis, it has recently been found (Cook; 
Helmholz), can usually be eradicated by this drug. The elimination of 
the proteus organism from the urinary tract is difficult because of the 
frequent inability to maintain a suffidently low pH of the urine. 

Twelve gm. of mandelic acid daily, in 4 divided doses, given in the 
form of a salt, such as sodium or ammonium mandelate, is the method 
of administration recommended by Rosenheim and still followed by 
many advocate^ of mandelic acid therapy. It is best given after meals 
and at bedtime. Because of the gastrointestinal disturbances which 
frequently accompany the use of the drug, it may be necessary to start 
with a reduced dosage. The Quid intake is restricted to not more than 
6 glasses of water (1,200 cc.) f which should be properly rationed through 
the 24 hours in order that the urinary concentration of mandelic arid 
may be maintained as nearly constant as possible. 

The urine must be kept at or below a pH of 5.6 to obtain the full 
therapeutic response. 

In liquid form the drug is usually given as an elixir or syrup. In either 
form it is very disagreeable and often produces gastrointestinal upsets. 
Administration in the liquid form must be accompanied by a suitable 
acidifying agent (ammonium chloride, acid sodium phosphate, or am- 
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monium nitrate, 4 Cm.), to give the desired urine ^H. Mandelic acid 
may be given, in powder form as either calcium mandelate or sodium 
mandelate. The required dosage remains the same. Administration of 
the drug in pill form seems to be accompanied by far fewer gastrointestinal 
disturbances. Also, additional acidification is usually unnecessary. 

Mandelic acid therapy, while easily administered, requires close obser- 
vation of the patient and the urine. The acidity of the urine may be 
easily and satisfactorily tested by nitrazine paper and the nitrazine 
colorimeter, and should be determined daily for the first few days and at 
close intervals thereafter. 

In the treatment of urinary infections, mandelic acid is usually given 
for one week after the urine becomes sterile, but should never be given 
for longer than 3 weeks. After several weeks of rest, the course may be 
repeated if necessary. 

Most uncomplicated cases of urinary infection clear up fairly rapidly 
under proper treatment. If, therefore, the urine remains infected despite 
active treatment, search should be made for a persistent underlying 
cause of stasis, which would tend to keep the urine infected. Infections 
complicated by stone, prostatic hypertrophy, bladder diverticulum, 
stricture, etc., require more than the oral administration of mandelic 
acid or other urinary antiseptics to effect a lasting cure. The importance 
of urological study in persistent or recurring cystitis or pyelonephritis 
has been emphasized elsewhere. Mandelic acid has frequently proved 
successful in postoperative cases in clearing up the infection after the 
organic lesion has been treated surgically. It is also often used pre- 
operatively in the hope of controlling the infection. 

Transient nausea, vomiting, and diarrhea are the most common com- 
plications following the administration of mandelic acid. Tinnitus, 
headache, and urticaria have been reported in a few instances. No 
evidence of permanent impairment of renal function from its use has 
been observed, although slight temporary impairment has been noted by 
various observers. The drug should not be given over an indefinite 
period of time, however, and it should be administered with caution in 
patients with marked renal or liver impairment. 

(3) Penicillin 

Penicillin, the newest drug, is undoubtedly the most potent bacteria- 
killer so far to be discovered — much more potent than any of the chem- 
icals of the sulfa family. Its greatest usefulness to date has been against 
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the staphylococcus, pneumococcus, gonococcus, and Streptococcus hemolyl 
ictts, and experimentation thus far has been confined largely to the 
treatment of infections produced by these organisms. 

Historical Review. Penicillin was first discovered— quite by chance — 
by Dr. Alexander Fleming, of the University of London. While examin- 
ing an agar plate on which he was growing disease-producing bacteria, 
his trained eye observed a fleck of green mold on the plate, and around the 
fleck was a ring of clear fluid. Some substance in the mold was destroy- 
ing the bacteria. Fleming prepared crude extracts of penicillin, but be- 
cause of the minute amounts available it was used only for laboratory 
purposes. 

The mold in question was Penicillium notatum, a relative of the green 
mold in bread and Roquefort cheese. 

In 1939, Dr. Howard Florey and his collaborators, of Oxford Univer- 
sity, set to work to prepare pure extracts of the substance, and by a slow 
process of discarding chemical components of the mold that had no anti- 
bacterial effect, extracted a minute amount of yellow-brown powdery 
substance. After a series of experiments* on mice, the substance was 
tried on human beings, with amazing results. 

In 1941, Florey Visited this country and enlisted the help of the Na- 
tional Research Council and the U. S. Department of Agriculture. In 
the Department's laboratory at Peoria, Illinois, studies were at once ini- 
tiated on the characteristics of Penicillium notation and on the methods 
of purification of penicillin. A few months later, four large pharmaceu- 
tical houses began growing the mold and extracting the drug. The supply 
was so small, however, that it was necessary to allocate it to the armed 
services for grave sulfonamide-resistant battle-wound infections, and to 
certain civilian hospitals for essential tests. Facilities for production 
and experimentation have been greatly expanded in recent months, 
sparred on. by the urgent need for the drug in military medicine. Al- 
though much larger supplies are now available, they are still insufficient 
even for the armed services, and it is doubtful that the drug will be 
available to the general public for a long time to come. 

The difficulties confronting large-scale production of penicillin arise 
chiefly from the fact that in the metabolism of the mold only very minute 
amounts of penicillin are formed and those only after days of growth. 
(One gm. of penicillin from 20 liters of culture fluid is a very high yield.) 
Difficulties have been encountered in selecting the most productive strains 
of the mold and the most suitable culture mediums, in developing methods 
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of extracting and purifying the bacteria-killing substance, and in stabiliz- 
ing the purified product. 

The first clinical tests of penicillin in this country were reported by 
Dr. Martin H. Dawson, of Columbia University, in 1941. In June, 1942 
the work of organizing and supervising clinical investigations in 22 se- 
lected hospitals was placed under the auspices of the Committee on 
Chemotherapeutic and Other Agents, of the National Research Council, 
the results to be collected and summarized by its chairman, Dr. Chester 
S. Keefer, Director of the Evans Memorial Hospital, in Boston, This 
Committee has recently reported the results obtained by these 22 groups 
of investigators in the treatment of 500 cases of various infections with 
penicillin; and it is upon this report that we have principally relied in the 
preparation of this section. 

Owing to the small amounts of penicillin available for clinical investiga- 
tion, the study thus far has been directed toward two groups of infections: 
(1) those that are most likely to occur in the armed forces, and (2) those 
that are resistant to the sulfonamides- 

Modes of Administration : Preparation of Drug for Treatment. Penicil- 
lin can be given intravenously, intramuscularly, or topically. It is inef- 
fective when given orally, probably because much of it is destroyed in the 
digestive process. The destructive action appears to be due to hydro 
chloric acid and not to pepsin. It is advisable to inject the drug directly 
into the subarachnoid space in meningitis, and into the pleural cavity 
in empyema. 

Following intravenous or intramuscular injection, penicillin is excreted 
rapidly in the urine, so that in order to obtain an adequate amount of 
potent material in the blood and tissues it is necessary to inject the drug 
continuously or at frequent intervals (every 3 to 4 hours). 

Penicillin is supplied in ampoules of 5,000 Oxford units, 10,000 units, 
25,000 units, 100,000 units, and 1,000,000 units. As it is extremely sol- 
uble, it may be dissolved in small amounts of sterile, distilled, pyrogen- 
free water, in sterile isotonic solution of sodium chloride, or in 5 per cent 
dextrose solution. 

For interval intravenous injection (directly into the rubber tubing 
through a syringe), the dry powder may be dissolved in sterile isotonic 
solution of sodium chloride in concentrations of 1,000 to 5,000 units per 
cc. 

For constant intravenous therapy, the powder may be dissolved in sterile 
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saline solution in lower dilution — 25 to 50 units per cc. The rate of 
delivery is regulated to between 75 and 100 cc. an hour. 

For intramuscular injection, the total volume should be kept as low as 
possible — 5,000 units per cc. of isotonic solution of sodium chloride — in 
order to avoid local soreness at the site of the injection. 

For topical application, the powdered form of the sodium salt is irritat- 
ing to wound surfaces and should not be used. Solutions in isotonic solu- 
tion of sodium chloride, with a concentration of 250 units per cc. (500 units 
in more resistant infections) are satisfactory. 

The total amount of penicillin, as well as the total amount given with 
each injection, the interval of time between injections, and the total dura- 
tion of treatment-, ‘has varied greatly from one case to another, and no 
standard of treatment has as yet been laid down. 

The “Oxford unit” — the system of measurement — is based upon com- 
parison with standard material furnished by Oxford University to other 
laboratories. One million units weigh approximately one-fifth of an 
ounce; yet, so potent is the drug, that 100,000 units (one-fiftieth of an 
ounce) is often sufficient to cure a sulfonamide-resistant case of gonorrhea. 

Absorption, Excretion, and Distribution. The absorption, excretion, 
and distribution of penicillin have been studied by Ramrnelkamp and 
Keefer, who summarized their findings as follows: 

Intravenous injection of penicillin resulted in high initial concentration in the blood 
plasma, which was followed by an abrupt fall. Traces of penicillin were found in the 
blood for 30 to 210 minutes after the injection, the length of time depending on the 
amount administered. The sharp fall noted in the serum concentration immediately 
after the injection was associated with an increased excretion in the urine. The aver- 
age excretion after intravenous injection was 58 per cent of the administered dose. 

Penicillm was rapidly absorbed when given intramuscularly, and slowly absorbed 
after subcutaneous injections. Excretion in the urine was rapid following intra- 
muscular injections and delayed after subcutaneous injections. 

Absorption horn the body cavities was delayed and was reflected in the slow 
excretion of penicillin by the kidneys. The total amount found in the mine was 
somewhat lower than that obtained following intravenous injection. Fluid aspirated 
from the pleural and joint cavities 22 and 13 hours after the injection showed appre- 
ciable amounts of penicillin remaining. 

Administration of penicillin by enteral routes showed that absorption from the 
duodenum was rapid, whereas oral and rectal doses were poorly absorbed. These 
findings may be explained by the inactivating effect on penicillin of acid and Escher- 
ichia coli. After oral, intraduodenal and rectal administration, the average amount 
excreted in the urine was extremely small. 

In the presence of renal failure penicillin was not excreted rapidly, and as a result 
high concentrations were maintained in the blood stream after Intravenous injections. 
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Studies on the distribution of penicillin showed that the substance failed to pene- 
trate the red cells in significant amounts. In general, the average concentration 
found in erythrocytes was less than 10 per cent of the plasma concentration. No 
penicillin was found in the spinal fluid, saliva or tears in subjects receiving it intra- 
venously. 

Infections Responsive to Penicillin: Dosage. Penicillin has been 
found to be most effective in the treatment of infections due to the 
Staphylococcus aureus (with and without bacteriemia), gonococcus, pneu- 
mococcus, and Streptococcus hemolyticus. It has been tested most ex- 
tensively in the treatment of staphylococcic and gonococcic infections. 
It is a powerful weapon against osteomyelitis, empyema, boils and 
carbuncles, mastoiditis, meningitis, cellulitis, pneumonia, and the infec- 
tions that follow bums. Experimentally it is a potent agent in gas bacil- 
lus infections. It has been of great benefit in infections that are resistant 
to the sulfonamides. 

Penicillin has proved ineffective against bacterial endocarditis. It is 
also valueless against tuberculosis; and there is little likelihood that it 
will work against such virus diseases as infantile paralysis or yellow 
fever. It must be remembered that there are many infections against 
which penicillin has not yet been tried. 

Dosage of the new drug has varied greatly from case to case due to the 
limited supply of the drug and because little is known about the best 
dosage for some infections. It has been definitely shown, however, that 
to obtain the best results it is necessary to inject the drug continuously 
or at frequent intervals for at least 7 to 14 days because of its very rapid 
excretion in the urine. Generally speaking, for serious staphylococcic 
infections a total of between 500,000 and 1,000,000 Oxford units, intra- 
venously or intramuscularly injected, is required, and the best results 
have been obtained when treatment is continued for at least 10 to 14 
days. At least 10,000 units should be given every 2 to 3 hours at the 
beginning of treatment, either by continuous intravenous or interval 
intravenous or intramuscular injections. Patients with pneumococcic 
pneumonia often recover following the use of 100,000 units given over a 
period of 3 days, while others require between 60,000 and 90,000 units 
daily for 4 to 7 days. 

Penicillin in Sulfonamide-resistant Gonorrheal Infections. The most 
striking results of penicillin therapy have been in sulfonamide-resistant 
gonococcic infections. Of the 129 cases reviewed in the report of the 
Committee on Chemotherapeutic and Other Agents, most of which were 
treated by Dr. J. F. Maloney and his associates of the U. S. Public Health 
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Service, 125 were asymptomatic and bacteriologically negative in 9 to 48 
hours after treatment with between 100,000 and 160,000 units. The 
dosage varied from 10,000 units every 3 hours for sixteen doses to 20,000 
units every 3 hours for five doses or 25,000 units every 3 hours for three 
doses. The results of treatment should be controlled by culture of the 
exudate. The report states: 

Here, then, is a most potent weapon in the treatment of sulfonamide-resistant 
gonorrhea, and it is not too much to predict that penicillin will prove to be one of the 
most effective agents in the treatment of a disease that causes great ineffectiveness in 
the armed forces and in the civilian population. 

Toxic Reactions. Toxic reactions, common in treatment with the 
sulfonamides and many other drugs, have been rare with penicillin, de- 
•spite the fact that only a small percentage of the substance available for 
clinical testing has been pure penicillin. In the 500 cases covered by 
the Committee’s report, chills occurred in 12 and low-grade fever in 5; 
these were transitory and caused no difficulty. Urticarial eruptions oc- 
curred in 14; their cause is obscure. Thrombophlebitis at the site of in- 
jection was reported in 19 cases; this is more likely to occur when injec- 
tions are made repeatedly and when concentrated solutions are used. 
Fleeting attacks of headache, flushing of the face, and muscle pains ob- 
served in some cases were evidently due to toxic substances, in earlier 
lots of the drug, carried over from the extraction process. 

Nitrohydrochloric Acid in the Treatment of Colon Bacillus Infections 

Crance and Maloney (1935) proposed a simple method of changing 
the urine to an acid reaction by the administration of nitrohydrochloric 
acid. This treatment, which was put forth by its proponents as a sub- 
stitute for the efficient but unwieldy and unpleasant ketogcnic diet, is 
effective in a high percentage of infections due to the Escherichia colt, 
which is destroyed in an acidity of from 5.1 to 4.6. Nitrohydrochloric 
acid reduces the pH of the urine to 5.3 or below in Jess time than the 
ketogcnic diet and can be administered without hospitalization and 
without change in the ordinary diet. Tests have failed to show any renal 
damage, and no objections or contraindications to its use have been 
found. 

The formula of Crance and Maloney is as follows: 

Nitrohydrochloric acid (not the dilute) Drams 4 ss (18 cc.) 

Aqua dest. q s. Ounces 4 (120 cc.) 

Sig Drams 1 (4 cc ) in \ glass of w ater followed by a full glass of w ater after meals 
and late at night. 
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Medication should be continued for one week after cultures become 
sterile. A pH of 5.1 is necessary to obtain satisfactory results. A 
careful check should be kept on the pH by the use of a standard pH 
comparator. 

Diet 

The question of diet is an important one in the treatment of vesical 
inflammations. Certain forms of infection call for specific diets to rein- 
force the effects of the therapeutic measures that are being applied to 
combat the infection. Diet also has an important place in the treat- 
ment of urinary stone and tuberculosis. 

KETOGENIC DIET 

The ketogenic diet was introduced in 1931 by Clark and Helmholz, 
of the Mayo Clinic, working independently. Remarkable results have 
been claimed for it in the treatment of infections of the bladder and 
upper urinary tract due to Escherichia coli. Its use produces a highly 
acid urine and a substance which definitely inhibits the growth of certain 
microorganisms. Fuller (1933) showed that levorotary beta-hy- 
droxy-butyric acid is the ketone body producing the bacteriostatic effect. 
A sufficient concentration of ketone bodies in a urine of pH 5.5 or less is 
effective in eradicating the colon bacillus infection. 

B. pyocyaneus infections respond well to the ketogenic diet, as do the 
majority of the remaining tjTpes of organisms found in bacillurias with 
the exception of the aerogenous type of colon bacillus. 

Crance has pointed out that when the colon bacillus has been deter- 
mined to be the offending organism, the specimen should be subcultured 
to determine which of two types of colon bacilli is present before treat- 
ment by the ketogenic regimen is attempted. The Escherichia coli , 
which represents about 75 per cent of colon bacillus infections of the 
urinary tract, is much more amenable to treatment by the ketogenic 
diet than the aerogenous type, which has thus far failed to respond to 
treatment by this method in a sufficient number of cases to warrant the 
submitting of patients to hospitalization or dietary’ measures. The two 
. types are easily differentiated. The aerogenous type produces gas 
within 48 hours in saccharose, whereas Escherichia coli does not. Both 
types form gas in lactose. 

In order to obtain successful results, the bacteriostatic effect must be 
continuous and maintained as uniformly maximum as possible during 
the entire 24 hours. Ketosis should develop within 3 to 5 days and a 
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normal diet resumed at the end of 10 to 12 days. Several short courses 
are preferable to one long course. 

If the acidity of the urine is above pH 5.2 when the ketone bodies have 
appeared in the urine, it may be advisable to give ammonium chloride 
orally to increase its acidity. This may be given in enteric coated tablets. 
If, on the other hand, sufficient acidity has developed, but the percentage 
of ketone bodies in the urine is insufficient to produce the necessary 
bacteriostatic action, the oral administration of methenamine may in- 
crease the bacteriostatic power of the urine to a point at which the organ- 
ism will be eliminated. 

Herrold’s method for determining the approximate acidity of the urine 
is rapid and easily performed. A drop of chlor-phenol red is added to 
20 drops of freshly voided urine. If there is no change in the color of 
the urine, the pH is about 5.4, which is the right degree of acidity' to per- 
mit the ketone bodies to exert their bactericidal powers. Pink or deep 
red urine, after addition of the indicator, means that the acidity is above 
pH 5.4, and the urine is, therefore, insufficiently acid. If the urine is 
allowed to stand even for a comparatively short time, the urea-splitting 
organisms which it contains will increase the pH. 

The ferric-chloride test for diacetic add is a simple test for determina- 
tion of the concentration of ketone bodies in the urine. To 10 cc: of 
urine add an equal volume of a 10 per cent aqueous solution of ferric- 
chloride. If a Bordeaux-red color develops, diacetic acid is present in 
the urine. 

Although the ketogenic diet has proved its efficiency in the treatment 
of Escherichia coli and other bacillurias in many instances, it has several 
serious drawbacks. It requires rigid supervision, and hospitalization 
is usually necessary for its successful carrying out. It often causes 
distressing general and gastrointestinal symptoms, and it is difficult to 
persuade patients to take it- Since the bacteriostatic agent must be 
eliminated by the kidneys, poor renal function is a contraindication for 
this type of treatment. 

In brief, the ketogenic diet consists of the administration of a large 
amount of fat, with insufficient carbohydrates to burn the fat completely, _ 
and an amount of protein normal to the patient under treatment. The 
fat is only partly oxidized, due to insufficient glucose, causing ketone 
bodies to be thrown off in the urine. The highly acid ketone urine has 
antiseptic properties. The diet is an inadequate diet, low in minerals 
and vitamins, normal in protein and calories, high in fat, and very' low 
in carbohydrates. 
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Normal intake of fluids should be encouraged, but the forcing of fluids 
is discontinued for the duration of the diet. 

A typical ketogenic diet for a patient weighing 150 pounds is given in 
Table VIII. The diet contains approximately 45 grams protein, 235 
grams fat, 20 grams carbohydrate (2375 calories). The available 
glucose is 54 grams, and the ketogenic antiketogenic ratio approxi- 
mately 4.3 to 1. 


table viir 


uotune 


KIGHT 

2 eggs 

3 strips cooked bacon 3 
inches long (10 grams) 

1 glass 40% cream (150 1 
grams) 

1 cup 3% fruit or vegetable 1 
(100 grams) 

2 teaspoons butter (10 grams) 
Coffee 

Saccharine 

1| ounces medium fat meat, ! 
fish, or fowl (45 grams) 1 

1 cup 3% vegetable (100 ! 
grams) 

J glass 40% cream (150 1 
grams) 

2 teaspoons butter (10 grams) 

Tea 1 

1 egg or 1 ounce medium fat 
meat (30 grams) 

} cup 3% vegetable (150 
grams) 

1 glass 40% cream (150 
grams) 

3 teaspoons butter (15 grams) 
Tea 

TABLE DC 


UOtNtNC ' 

NOON 

NIGHT 

2 eggs 

Broth 

1 egg or 1 ounce medium fat 

i cup 3% fruit or vegetable ' 

2 ounces medium fat meat 

meat (30 grams) 

(100 grams) 

(60 grams) 

1J Cups 3% vegetable (300 

3 strips cooked bacon, 3 l 

1 cup 3% vegetable (200 

grams) 

inches long (10 grams) 

grams) 

1 tablespoon 40% cream (15 

2 teaspoons butter (10 grams) 

1 tablespoon 40% cream 

grams) 

1 tablespoon 40% cream (15 

(15 grams) 1 

1 teaspoon butter (5 grams) 

grams) 

2 teaspoons butter (10 grams). 

Tea 

Coffee 

Tea 1 


Saccharine 




Since many patients find it difficult to take the ordinary high fat 
ketogenic diet, a low caloric ketogenic diet — that is, a diet normal in 
protein (■§ gram per kilogram of body weight), low in carbohydrate 
($r gram per kilogram) , and with enough fat to be palatable — is recom- 
mended. The diet is low in calories and available glucose, and depends 
on the burning of the patient’s own body fat to produce ketosis. 

A typical low caloric ketogenic diet for a patient weighing 150 pounds 
is given in Table 3X. The diet contains approximately 45 grams pro- 
tein, 75 grams fat, 20 grams carbohydrate (935 calories). The avail- 
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able glucose is 46 grams, and the ketogenic antiketogenic ratio approxi- 
mately 4.3 to 1. 

HIGH ACID ASH DIET 

The high acid ash diet is used in the treatment of certain types of 
urinary calculus and other conditions in which it is deemed advisable to 
change the reaction of the urine, making it acid. The diet contains 
foods in such proportion that there will be an excess of acid ash produced. 
The following foods are restricted in the diet: 

Milk 1 pint daily 

Fmit 5 l Not tQ ejcee< j 25 points daily. See list. 

VegetablesJ 

The following foods are included in the diet daily: 

Cereal: 1 serving 
Bread (dark) 4 slices 

Meat, fisb, chicken, or American cheddar cheese- 2 large servings 
Eggs: 2 

Macaroni, spaghetti, noodles, or rice: 1 serving 

In addition to the above, the following foods may be eaten as desired: 

Plain cookies, plain cake, pas to - made with custard or allow ed amounts of fruit fillings, un- 
salted popcorn, candj , English walnuts, unsalted peanuts, un salted crackers, sweet but- 
ter, oil, mayonnaise, sugar, tapioca, unsalted gravy, unsalted broth, tea, coffee, flour, 
cornstarch, gelatin, vanilla ice cream, and cream (sweet and sour) 

The following foods are omitted from the diet: 

Meat cured in salt, as bacon, ham, or salty fish 
Salted crackers 
Salted butter 
Chocolate 


A small amount of salt may be used in cooking, but none is to be added 
at the table. 

Fruits and vegetables are chosen from the following lists only. Any 
combination of fruits and vegetables may be selected, but the total excess 
alkaline ash in the selected combination must not exceed 25 points daily. 


From 

Blueberries 

Watermelon 

Grapes 

Pear 


J cup 

n'xn’xh' 

} cup or 24 grapes 
1 medium 


Points of AHuliot Ash 


3.6 
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Fruits 

Amount 

Pouts of Alkaline 1 

Apple 

1 small 

3.7 

Grape juice 

5 cup 

3.9 

Lemon juice 

\ cup 

4.1 

Grapefruit 

i 

4.2 

Cherry juice 

i cup 

4.4 

Orange juice 

1 cup 

4.5 

Raspberry juice 

1 cup 

4.9 

Peach 

1 medium 

5 0 

Lemon 

1 medium 

5.5 

Banana 

| cup or j large 

5.6 

Orange 

1 medium 

5.6 

Cherries 

! cup 

6.1 

Strawberries 

10 

6.6 

Raspberries 

} cup-1 cup 

6 7 

Blackberries 

} cnp-1 cup 

6.7 

Apricots 

2 medium 

6.8 

Pineapple 

} cup diced 

6.8 

Mushmelon or cantaloupe 

jcup 

7.5 

Rhubarb 

i cup 

8.6 

Plums 

As desired 

Acid 

Tfunes 

As desired 

Acid 

Cranberries 

As desired 

Acid 

VeecubUf 

Amount 

Points of Alksline , 

Asparagus 

leup 

0.8 

Green peas 

1 cup 

1.3 

Onions 

l cup 

1.5 

Pumpkins 

i cup cooked 

1.5 

Eggplant 

i cup cooked 

2.2 

Turnips 

| cup cooked 

2.7 

Squash 

\ cup mashed 

2 8 

Radishes 

10 

2.9 

Mushrooms 

J cup canned 

4.0 

Broccoli 

1 cup scant 

S.2 

Cauliflower 

| cup cooked 

5.3 

String beans 

5 cup cooked 

5.4 

Tomatoes 

} cup 

5.6 

Cabbage 

} cup cooked; 1} cup raw 

6 0 

Tomato jnice 

leup 

6.2 

Sweet potato 

J medium 

6.7 

White potato 

1 potato 21* diameter 

7.0 

Lettuce 

J head or 16 leaves 

7.4 

Kale 

J cup cooked 

7.6 

Celery 

4 stalks or j cup 

7.8 

Cucumbers 

1 cup sliced 

7.9 

Rutabagas 

j cup mashed 

8.5 

Carrots 

feup 

10.8 

Beets 

i CUP 

10.9 

Corn 

As desired 

Acid 
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(Sample Outline ) 


Horning 

Noon 

Night 

Orange or grapefruit juice, $ 

Meat, fish, or Cheddar cheese 

Meat, unsalted gravy 

cup 


Rice, noodles, macaroni, or 

Cereal with sugar and \ glass 

Vegetables (choose from list) 

com 

milk 


Vegetables (choose from list) 

Dark toast, 1 slice 

Dark bread, sweet butter 

Dark bread, sueet butter 

Sweet butter 

Salad (choose from list) 

Fruit (choose from list) 

Egg, 1 

Dessert 

Milk, | glass 

Coffee, a earn, sugar 

Milk, \ glass 



3:30 pjn. 

8:oo p.m. 


Custard 

Eggnog (J glass milk, 1 egg, 


Toast or unsalted crackers, 

sugar) 


sweet butter 

Plain cookies or crackers 


HIGH ALKALINE ASH DIET 

The high alkaline ash diet is used in the treatment of certain cases of 
urinary calculus and other conditions ( i.e ., acute cystitis, with dysuria) 
where it is deemed advisable to change the reaction of the urine, making 
it alkaline. The diet contains foods in such proportion that an excess 
of alkaline ash is produced. 

The following foods are included in the diet: 

Milk: 1 quart or more daily 

Eggs and Meat: 3 small servings of meat or eggs a week and 3 strips of crisp bacon twice a 
week 

Soup: Cream soup only 

Fat: Any oil or fat; butter as desired 

Cereal. 1 serving daily of any of the following: cornflakes, cornmeal, farina, puffed rice, 
puffed wheat, oatmeal 
Bread: 3 slices daily, dark preferred 
Vegetable: At least 4 servings daily. Omit com and lentils. 

Fruit At least 4 servings daily. Omit prunes, plums, and cranberries. 

Salad: Any kind made of the fruits and vegetables allowed, daily. 

Dessert: 1 serving daily of the foUon mg’ ice-cream, ices, gelatin, junket (vanilla, chocolate, 
coffee, caramel, or fruit flavors allowed on fruit list) 

Sugar: Any kind 

Beverages: Coffee, tea, cocoa. With each meal include 1 glass of orange, pineapple, grape* 
fruit juice or lemonade (containing juice of 1 lemon). 

Nuts Almonds, chestnuts, cocoanut 

Miscellaneous: Cornstarch, j'am, jelly, and marmalade from fruits allowed, molasses, tapioca 

The following foods are omitted from the diet: 


Meat broths and all soups made with meat broth 
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Moraine 

Fiuit 

Cereal 

Toast, 1 slice 
Butter 
Milk, 1 glass 
Fruit juice 

Coffee with cream, 
sugar 




(Sample Oulline) 


Soup 

Potato 

Vegetable 

Salad 

Fruit 

Bread, 1 slice 
Butter 
Milk, 1 glass 
Fruit juice, 1 g 


Kight 

Meat or eggs or bac 
Potato 
Vegetables 
Salad 

Fruit or dessert 
Bread, 1 slice 
Butter 
Milk, 1 glass 
Fruit juice, 1 glass 


S:00 p.m. 
Milk, 1 glass 
Fruit 


BRADY MODIFIED ALKALINE ASH DIET 
The Brady modified alkaline ash diet is used in the treatment of inoper- 
able and postoperative urogenital tuberculosis with bladder irritation. 
The diet lessens the acidity of the urine. It excludes foods which are 
generally irritating to the diseased urogenital tract, and serves as a 
basis for developing a diet adapted to individual idiosyncrasies. The 
diet contains foods in such proportion that an excess of alkaline ash 
is produced. 

This diet fulfills adequately the normal food requirements with the 
exception of iron. Due to the elimination of eggs and the restriction 
of meats, the iron content of the diet falls below the normal requirement 
of .015 grams. In order to meet the need in so far as possible, fruits 
and vegetables high in iron should be included in large amounts. This 
diet contains approximately 75 grams protein, 85 grams fat, 280 grams 
carbohydrate (2,200 calories). 

The following foods are included in the diet: 

Milk: 1 quart or more of sweet milk daily 

Meat: 3 lamb chops or 3 1} ounce servings of lamb a week and 3 strips of crisp bacon twice 
a week 

Soup: Cream soup only 
Fat: Any oil or fat 

Cereal: 1 serving daily of any of the following: cornflakes, com meal, farina, puffed rice, 
puffed wheat, commeal 
Bread: 3 slices daffy, dark preferred 

Vegetable: At least 4 servings daffy with the exceptions noted below 
Fruit: At least 4 servings daffy with the exceptions noted below 
Salad: Any kind made of the fruits and vegetables allowed 

Dessert: 1 serving daily of any of the following: ice-cream, ices, gelatin, junket; vanilla 
chocolate, coffee, caramel, or fruit flavors allowed on the fruit list 
Sugar: Any kind 

Beverage: With each meal include 1 glass of orange or pineapple juice or lemonade (con 
taining juice of 1 lemon); coffee, 1 cup daily; cocos. In moderate amounts 
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Nuts: Almonds, chestnuts, cocoanut 

Miscellaneous: Cornstarch, jams, jelly, and marmalade from fruits as allowed, molasses, 
tapioca, salt in moderate amounts 

The following foods are omitted from the list: 

Milk: Sour milk and cream, buttermilk 

Eggs 

Cheese 

Soup: Meat broth and all soups made with meat broth 

Vegetable. Corn, lentils, asparagus, broccoli, carrots, peppers, sauerkraut, tomatoes 
Fruit - Prunes, plums, cranberries, apricots, berries, cherries, grapes, grapefruit, rhubarb 
Beverages: Tea, alcoholic, fermented, and carbonated be\ erages 
Miscellaneous. Condiments, pickles, fried foods 



(Sample Outline) 


Morning 

Noon 

Night 

S:00 p In 

Fruit 

Meat 

Soup 

Milk 

Cereal 

Potato 

Potato 

fruit 

Toast 

Vegetable 

Vegetable 


Butter 

Salad 

Salad 


Milk 

Fruit or dessert 

fruit 


Cream 

Bread 

Bread 


Fruit juice 

Butter 

Butter 


Coffee 

Milk 

Milk 


Sugar 

Fruit juice 

fruit juice 



LOW OXALATE DIET 

A lot\; oxalate diet is used in the treatment of calcium oxalate urinary 
stones. The diet is a general one with certain omissions and restrictions. 

The following foods are omitted because of their high oxalic acid con* 
tent: 


Asparagus 

Cranberries 

Black tea 

Beet greens 

Tigs 

Chocolate 

Spinach 

Gooseberries 

Cocoa 

Sorrel 

Plums 

Gelatin 

Dandelion greens 

Rhubarb 

Raspberries 

Pepper 


The following foods are restricted because of their moderate oxalic 
acid content: 

Milk: 1 pint 
Coffee: 1 cup 
Pineapple 
Orange 
Strawberries 

Tomatoes I Not more than 1 serving daily from this group of fruits and \ege- 

Beets tables 

Potatoes 

Beans I 

Brussels sprouts) 
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Low Calcium Modification 

Cheese and cauliflower are omitted from the low oxalate diet, and 
milk is restricted to 1 pint daily. 

Subarachnoid Injections oj Alcohol jor Vesical Pain 
The intraspinal (subarachnoid) injection of alcohol has been widely 
recommended for the relief of intractable pain in the bladder and else- 
where. The alcohol is introduced into the subarachnoid space through 
a lumbar-puncture needle, all the details and precautions necessary in 
lumbar puncture being rigidly observed. The patient’s head must be 
kept lower than the part of the spine which is being injected, and he must 
remain in this position for 10 minutes after the needle is withdrawn. 
He is then turned on his back, and the foot of the bed is elevated from 
4 to 8 inches. He remains thus for 2 hours, after which his head 
may be raised, but he must not sit upright for at least 4 hours after 
injection. It is usually necessary to catheterize the patient for the first 
24 hours, and sedatives may be required to relieve the bladder pain until 
the alcohol injection begins to have its effect. 

It may be some time before the full effect of the alcohol upon the nerves 
is experienced; but a large number of case reports testify to the good 
results this technic has achieved in postoperative and inoperable cases 
of bladder tumor, Hunner’s ulcer, and other vesical lesions causing 
severe pain. 

Vaccines 

Autogenous vaccine therapy has been used to a considerable extent 
in the treatment of bacteriuria, but the results have not been remarkable. 
The best results appear to have been obtained in the treatment of colon 
bacillus infection, or mixed infections in which the colon bacillus pre- 
dominates. 

The course of treatment should cover about 5 weeks. The injections 
are given in accordance with the acuteness of the cystitis, the usual 
interval being 2 to 3 days. 

Bacteriophage Therapy 

Bacteriophage therapy, despite its very definite limitations, has been 
employed with considerable success in many cases of urinary-tract 
infection. The use of this agent is described under Bacteriophage 
Therapy of Infections of the Kidneys and Bladder (p. 1718). 
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Treatment of Inoperable and Postoperative Urogenital Tuberculosis 

Following nephrectomy, or the removal of a tuberculous focus in the 
prostate or seminal vesicles, it frequently happens that the secondary 
lesions in the bladder heal spontaneously. In many cases, however, 
this happy outcome does not take place, and the unfortunate patient is 
left in as distressful a condition as before operation. The same situa- 
tion, only more intensified, confronts the physician treating a case of 
inoperable bilateral renal tuberculosis. Some of the best minds in the 
urological profession have been struggling for years with this vexatious 
and exceedingly important problem. 

At the Brady Foundation, in the New York Hospital, these patients 
are treated at a special clinic devoted entirely to the care of those suf- 
fering from inoperable or postoperative tuberculosis of the urogenital 
tract. This clinic is in the charge of Dr. Stanley L. Wang. The largest 
group of patients comprise those who either have undergone nephrectomy 
for unilateral renal tuberculosis, or have had the worse kidney removed 
in bilateral involvement. The inoperable renal patients fall into three 
groups: (1) those with bilateral renal tuberculosis about equally dis- 
tributed in both kidneys, (2) those with unilateral lesions so slight that 
little kidney destruction is evident and nephrectomy is unwarranted, (3) 
those who refuse surgery and must, therefore, be treated as inoperable. 

The plan of treatment now in use has been developed over a period of 
years. The treatment is based on the building up of a regimen to meet 
the needs of the individual patient. It is administered along two lines: 
(1) the urological, and (2) the constitutional treatment of tuberculosis 
(by rest, fresh air, diet, etc.). Urogenital tuberculosis is a local mani- 
festation of a systemic disease; treatment must, therefore, aim at the 
patient as a whole, not only at the lesion in the urinary or genital tract. 
Frequently treatment must be carried out over long periods, sometimes 
for years. The results have been heartening, many patients showing 
marked constitutional and local improvement, and some actual cures. 

The urological treatment varies with the many different aspects of the 
disease in the urogenital tract. In general, it includes (as indicated) 
bladder instillations, irrigations, and insufflations, renal pelvic lavage, 
prostatic and seminal vesicular treatments, figuration of localized blad- 
der ulcers, ureteral dilatations, and additional surgical measures as the 
need arises. 

Belts are recommended to support the remaining kidney, which hyper- 
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trophies after nephrectomy. Severe pain due to ureteral kinks may 
occur if the belts are not worn for a year or more during waking hours. 

Stricture of the intramural portion of the remaining ureter sometimes 
occurs in extensive vesical tuberculosis, and may even appear long after 
nephrectomy and arrest of the tuberculosis. Relief of symptoms is 
afforded by dilatations, which must, however, be continued indefinitely. 

Tuberculosis of the bladder, which is probably always secondary to 
tuberculosis of the kidney or seminal tract, causes much suffering and 
inconvenience, and many remedies have been utilized in attempts to re- 
lieve it. Much depends on the condition of the bladder wall — whether it 
is widely involved and trabeculated — and if the capacity of the bladder 
is decreased. Some patients are unable to tolerate any form of local treat- 
ment, regardless of the extent of the disease in the bladder. Treatment 
is not always effective, but proper diet, internal medication, and local 
treatment usually give some degree of alleviation. 

Instillations into the bladder of various substances have been found 
useful for relieving pain. These include oil of cajeput or gomcnol, 2 per 
cent in olive-oil, warmed and instilled with a small soft-rubber catheter. 
The oil injections are best restricted to patients whose bladder walls have 
sufficient muscular tone to dispel the solution, so that it does not remain 
in the bladder indefinitely and cause increased irritation. Novocaine 
borate, 2 per cent is also useful. Filling the contracted bladder with a 
very dilute solution of bichloride of mercury (beginning with 1 .75,000 and 
slowly increasing to 1:15,000 or 1:10,000) enlarges the vesical capacity 
and relieves pain in some instances. 

Transurethral superficial fulguration of localized bladder ulcerations 
(under anesthesia) not only controls the bleeding but affords relief from 
the distressing bladder symptoms in many cases that have failed to 
respond to the ordinary hygienic methods of treatment. 

The importance of the constitutional treatment of tuberculosis is empha- 
sized to all patients. It consists of rest, fresh air, a special dietary regi- 
men, old tuberculin, medicinal therapy, and quartz-light irradiation 
both externally and intravesically. The benefits derived are from the 
combination of these elements. Heliotherapy is indicated in all cases 
of genito-urinary tuberculosis without active lung lesions, but there are 
obvious limitations to its usage in urban localities. Whenever possible, 
patients are advised to take sun treatments on the days of the week when 
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they do not receive the lamp exposures, and are given exact instructions 
regarding the duration and extent of the exposures. 

The patient is given minute instructions regarding rest, exercise, fresh 
air, and diet. His idiosyncrasies must often be considered and treat- 
ment adapted to them. Usually a high caloric, high vitamin diet is 
given. When there is present a tuberculous cystitis, with a painful, 
irritable bladder, the diet is modified by the exclusion of foods that arc 
irritating to the diseased bladder mucosa. A modified high alkaline ash 
diet is useful as a starting-point, continuing or changing it with the pH of 
the urine as a guide (Brady Modified Alkaline Ash Diet, p. 1193). 

Internal drugs include viosterol, haliver oil and viosterol, and cod- 
liver oil, methylene blue for burning on urination, and, for irritable 
bladder, Kirwin’s Mixture: 

Potassium citrate . Dr. 6 (24 cc.) 

Tinct Hyoscyami ... .... . Oz. 1 (30 cc.) 

Tinct Opii Camphorata . Oz. 1 (30 cc.) 

Elix. saw Palmetto et Santalwood q s. ad. Oz. 4 (120 cc.) 

Sig.: — Dr 2 (8 cc.) q. 4 hrs. 

Dr. Stanley L. Wang, working in the Brady Foundation, at the New 
York Hospital, with parallel series of cases, has concluded, after more 
than 10 years of experimentation, that patients suffering from urogenital 
tuberculosis (in whom there are no demonstrable lung lesions), who have 
been treated with gradually increased doses of Koch's old tuberculin, 
do much better than those who live under the same excellent hygienic 
conditions without receiving the injections. Old tuberculin has distinct 
value as a form of stimulative therapy, particularly in postoperative 
cases where the active focus has been removed surgically and the con- 
valescence tends to be sluggish. In active, progressive lesions there 
have been no good results from its use. The tuberculin is diluted with a 
diluent of 0.6 of 1 per cent sodium chloride, to which is added 0.25 of 1 
per cent phenol. The dilutions are extended to 1 to 10 millions. Treat- 
ment is begun with 0.1 to 1 cc. of the 1 to 10-million dilution, given hypo- 
dermically twice each week. The dose is increased 0.1 of 1 cc. each dose 
until a local, focal, or general reaction ensues. When this occurs, the 
dosage is reduced to the starting-point of 0.1 to Fee. of the 1 to 10-million 
dilution and begun all over again. It is our practice to stop if reactions 
constantly occur to small doses, indicating probable supersensitiveness. 

Quartz Light Therapy. Quartz light therapy— for general irradiation 
over the regions of the kidneys and bladder, for the local irradiation of 
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sinuses, and for intravesical irradiation-~has been found a valuable 
adjunct in the treatment of inoperable and postoperative tuberculosis 
of the urogenital tract. The irradiations are not given alorfe, but as 
part of a general regimen of treatment. 

Local irradiation with air-cooled mercury vapor quartz lamps is almost 
a specific in the treatment of the postoperative wounds and sinuses that 
so frequently delay recovery following nephrectomy, cpididymcctomy, 
seminal vesiculectomy, etc Treatments are given twice each week, 
beginning with a one-minute exposure at a distance of 20 inches from 
the wound and increasing gradually to 7 minutes and slowly shortening 
the distance to 15 inches, continuing thus until healing ensues. For- 
merly, postncphrectomy sinuses frequently remained open for years, but 
with quartz lamp irradiations the average time of healing is a matter of 
months. 

Similar exposures are given twice a week — sometimes for long periods 
of time— over the region of the kidney, bladder, epididymis, or testicle 
in all postoperative and inoperable cases presenting tuberculosis of these 
organs. The heat, as well as the light, of the lamps is utilized. In the 
postoperative cases the treatments are started 2 or 3 weeks after opera- 
tion. The treatments are begun gradually and the lamp brought closer, 
depending on the skin reactions, until exposures of 7 or 8 minutes at a 
distance of 12 to 15 inches are being given. 

Lowsley-Wang Lamp for Intravesical Irradiation and Treatment of 
Tuberculous Sinuses. Intravesical irradiations for tuberculous cystitis, 
by means of the Lowsley-Wang bladder lamp, have yielded decidedly 
beneficial results in many cases. 

This is a quartz vapor mercury arc lamp of the vacuum discharge type, 
and differs mechanically and in its emission from the air-cooled mercury 
vapor quartz lamps. Mechanically, it is of the high voltage discharge 
mercuiy vapor type, and operates at a temperature sufficiently low that 
the heat of the electrode is barely felt on the skin or mucosa. The dif- 
ference in the emission of the rays is dearly shown by the comparison of 
the two spectrums. The rays from the high voltage discharge mercury 
vapor lamp differ from the other in that they are of a monochromatic 
nature, since about 90 per cent are concentrated in the wave-length at 
2,537 angstrom units. 

The intravesical applicator (Fig. 274) is of fused quartz, readily trans- 
mitting the rays. It is about the same length and shape as a Brown- 
Buerger cystoscope and approximately No. 24-F. in diameter. There is 
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an extra tube built into the quartz, with an opening near the tip of the 
applicator and an extension at the other end for the attachment of a rub- 
ber tube. The tube is for the purpose of catheterizing the bladder. 
After the bladder is emptied of urine, air is insufflated through the tube 
with a syringe to distend the bladder slightly before irradiation. Follow- 
ing the treatment, an instillation can be made through the tube if desired. 
The applicator, with the exception of the part at the distal end, which 
protrudes into the bladder, is painted with a dark oak stain made with a 


iheeslat 4*ilek 



Fig. 274. Lowsley-Wang instrument for intravesical irradiation. Sagittal view of the 
bladder and urethra, with the instrument in place and the bladder distended with air for the 
dissemination of irradiation. 


cellulose base to screen the rays from the urethra. When urethral ir- 
radiation is desired, the stain is easily removed with amyl acetate and can 
be reapplied when needed. 

The instrument offers a simple and practical means of irradiating the 
interior of the bladder. At one operation, and in a very short time, the 
bladder can be emptied, then slightly distended with air and irradiated, 
and the air permitted to escape. The applicator passes easily through 
the urethra, and can be used equally well in male or female patients. 
A small amount of sterile liquid petrolatum, which permits the passage 
of the rays, is used on the tip of the applicator for lubrication. 
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The intravesical irradiations are given once each week. The exposures 
vaiy from 5 to 20 seconds, depending on the local reaction. The reactions 
are transitory, lasting for a few hours, and vary in accordance with the 
extent and sensitivity of the bladder lesions. Longer periods and 
more frequent treatments are unsatisfactory. 

The bladder-lamp applicator is also frequently used for the irradiation 
of deep postoperative and other tuberculous sinuses. The narrow, rod- 
like shape of the applicator and the low heat adapt it to the irradiation 
of such wounds. 

The instrument is sterilized in the formalin cabinet, and, when several 
patients are treated, is sterilized between applications by immersion 
of the applicator in oxycyanide of mercury, 1:1,000 for 10 minutes. 
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CHAPTER XXXIII 


EMBRYOLOGY, ANATOMY, ANOMALIES, AND 
PHYSIOLOGY OF THE URETER} 

The ureter is the excretory duct of the kidney, and serves to transport 
the urine from the renal pelvis to the bladder. 

A. Embryology of the Ureter 

The ureter, renal pelvis, and collecting tubules, comprising the collect- 
ing system of the kidney, are developed separately from the secretory 
system. The collecting system arises from the ureteral bud, whereas 
the secreting portions of the kidney arise from the metanephrogenic 
blastema (Embryology of the Kidney, p. 1346). 

During the fourth week (in embryos of 4.5 to 5 mm. greatest length) 
a small, tubular evagination appears on the dorsal wall of the mesonephric 
(wolffian) duct where it bends ventrally to form the cloaca. This is 
the ureteral bud, the anlage of the collecting system of the kidney. At 
first it grows dorsally toward the vertebral column, and becomes differ- 
entiated into two parts: a narrow stalk, which later becomes the ureter, 
and a dilated terminal portion, the forerunner of the renal pelvis and 
the collecting tubules. In embryos of 8.5 to 9.5 mm. the ureteral bud 
forms a curve, which gradually becomes flatter, and the ureter grows 
cranially between the vertebral column and the mesonephros. 

The secreting portion of the kidney has its origin in a mass of meso- 
dermal cells arising from the caudal portion of the nephrogenic cord. 
As the ureteral bud develops, it impinges upon the metanephrogenic 
tissue, which forms a cap on its dilated end. With elongation of the 
ureteral stalk the metanephrogenic cap is pushed dorsocraniad until 
the ureteral bud lies in the mesoderm dorsal to the mesonephros in the 
region of the second lumbar segment. This is the definitive position of 
the renal pelvis, and it is reached in embryos of 9.5 to 13 mm. length. 
In order to maintain this position during growth of the body, the ureter, 
which connects the kidney with the mesonephric duct at first, and later 
with the cloaca and bladder, must elongate considerably. This elonga- 
tion is the result of growth along the entire length of the ureter. When 
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the ureter has reached its full expansion, it extends through the length 
of 3 or 4 vertebrae (from the twelfth thoracic to the fourth lumbar). 
Usually the higher location of the left kidney is already observable 
in embryos of 22 mm. 

When the embryo is from 8 to 10 mm. long, primary evaginations, 
representing the future calyces of the kidney, begin to grow out from the 
primitive renal pelvis into the metanephrogenic blastema. At first there 
are two of these primary tubules, a cranial and a caudal. Later two more 
tubules develop between them. The distal end of each primary tubule 
enlarges to form an ampulla, and from each ampulla two other e vagina- 
tions develop, forming secondary tubules. These subsequently develop 
tertiary tubules, and this branching process continues until 12 or more 
divisions of tubules have formed. The cranial and caudal primary 
tubules develop into the major calyces, and the secondary tubules open- 
ing into them form the minor calyces. The tubules of the third and 
fourth generations are absorbed by the walls of the minor calyces. The 
tubules of the fifth order become the papillary ducts, and the remaining 
orders elongate and become the collecting tubules of the renal pyramids. 

This process of outgrowth and branching, which eventually establishes 
the system of calyces and collecting tubules, ceases at the end of the fifth 
month. While it is going on, tubules are forming in the metanephrogenic 
cap (Embryology of the Kidney, p. 1348) 

At the time the renal pelvis has acquired its permanent position 
(in embryos of 9.5 to 13 mm.) the definitive positions of the two poles of 
the kidney are yet to be established. Subsequently these are pushed 
cranially or caudally, as the case may be, by the outgrowth of the 
collecting tubules. In an embryo of 18 mm. Felix found that the cranial 
pole of the kidney had reached the suprarenal body and was growing 
forward dorsal to it. 

The changes at the caudal end of the ureteral bud are closely related 
to the developmental changes in the urogenital sinus. As described 
under Embryology of the Bladder (p. 943), in embryos of 5.3 mm. the 
cloaca becomes divided, by the downward growth of the urorectal 
septum, into the dorsal rectum and the ventral primitive urogenital sinus. 
At about 11 mm. the primitive urogenital sinus subdivides into two parts: 
the dorsal vesico-urethral anlage and the ventral pars pliallica. Into the 
former open the mesonephric ducts. At first the mesonephric ducts 
open into the latero-dorsal wall of the vesico-urethral anlage, but, with 
growth, their proximal ends become dilated and, with enlargement of 
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the bladder, are taken up into the wall of the vesico-urethral segment. 
During this process of absorption the ureters, which originally opened 
on the dorsal walls of the mesonephric ducts, acquire separate openings 
into the bladder anlage, lateral to the orifices of the mesonephric ducts. 
The lateral walls of the bladder anlage grow more rapidly than its dorso- 
median (urethral) wall, so that the ureteral orifices are carried cranially 
and laterally, while the mesonephric ducts (the ejaculatory ducts) retain 
their original caudad position, opening close together upon Muller’s 
tubercle. This craniolateral displacement of the ureteral orifices is evi- 
dent in the embryo 13 to 14 mm. long. 

B. Anatomy of the Ureter 

Size and Course. The ureter proper is a thick-walled, narrow, muscu- 
lar tube varying from 28 to 33 cm. in length. It is directly continuous 
with the tapering extremity of the renal pelvis, and runs downward and 
slightly medially beneath the peritoneum, and, entering the pelvic cavity, 
passes in front of the sacroiliac joint and eventually opens into the 
fundus of the bladder by passing obliquely through the vesical wall. 

The abdominal pari of the ureter lies beneath the peritoneum, resting 
upon the psoas muscle, and is crossed by the spermatic (or ovarian) 
vessels. The right ureter is in close relation to the inferior vena cava, 
with the iliac arteries above, the sigmoid flexure to the left, and the 
ilium to the right. The relations of the right ureter are especially impor- 
tant in differential diagnosis, for a number of conditions may arise there 
which produce symptoms that are frequently attributed to disease of 
the appendix. 

The ureters enter the bony pelvis by crossing the common iliac arteries. 
At this point the ducts are only about 2 inches apart. 

The pelvic pari of the ureter, in the male, after crossing the bifurcation 
of the common iliac artery, curves outward and backward and runs 
downward on the lateral waff of the pelvic cavity in front of the hypo- 
gastric artery to a point opposite the ischial spine. Here it curves 
medially beneath the vas deferens near its ampulla and opposite the 
seminal vesicle, to run obliquely for about 2 cm. through the wall of 
the bladder and open by a slit-like orifice into the vesical cavity at the 
lateral angle of the trigone. 

In the female, the pelvic part of the ureter crosses the bifurcation of 
the common iliac artery and runs downward along the course of the 
internal iliac artery behind the ovary and tube to the ischial spine, there- 
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after continuing forward and downward until it reaches the floor of the 
pelvis. It then runs medially and forward close to the side of the 
cervix uteri and upper part of the vagina to reach the fundus of the 
bladder. At about 2.5 cm. below the level of the external os it pierces 
the vesical wall and enters the cavity of the bladder. As the ureter 
approaches the cervix it is accompanied for about 2.5 cm. by the uterine 
artery, which then crosses the ureter and ascends between the layers 
of the broad ligament. 

Anatomical Narrowings. For most of its length the ureter has an aver- 
age diameter of 0.5 cm. At three points, however, its caliber is con- 
siderably narrowed. These normal constrictions occur (1) where it 
emerges from the kidney pelvis, (2) half-way down, where it crosses the 
iliac vessels, (3) at its point of entrace into the bladder wall (juxtavesical 
portion). 

Structure. The ureteral wall is composed of three coats. 

The outer, fibrous coat (tunica adventitia) invests the entire ureter 
and renal pelvis, and carries the large blood vessels and the nerves, 
which are extensively ramified so as to form a plexus which reaches a 
fuller development on the side next the muscle layer. 

The middle, muscular coat consists of three layers of unstriped fibers: 
an external longitudinal, a middle circular, and an incomplete internal 
longitudinal. Near the renal pelvis the muscle fibers form a "braided 
membrane” running irregularly in all directions (Satani). The isthmus, 
however, shows a more systematic arrangement, with longitudinal fibers 
within surrounded by a circular coat. In the neighborhood of the 
bladder the longitudinal fibers predominate, the circular fibers becoming 
less and less evident until, in the intramural portion, they disappear 
entirely. The longitudinal fibers can be traced on the outer side as far 
as the level of the ureterovesical orifice. 

The mucous coal is continuous with that of the bladder below, and is 
transitional in character. It is smooth and thrown into a few longi- 
tudinal folds in the collapsed state. The layers of epithelial cells are 
firmly wedged together. Beneath the epithelium, and separating it 
from the muscularis, is a dense layer of fibrous tissue containing many 
elastic fibers. 

Lymphoid tissue exists in considerable proportion throughout the 
three strata composing the wall of the ureter. 

Ureterovesical Valve. No definite sphincter can be detected at the 
vesical opening of the ureter. Certain structures, however, form a 
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mechanism to prevent a reflux of the bladder content into the ureter. 
The duct pierces the bladder wall obliquely, and a half inch or more of 
its lower end is embedded in the bladder muscle. During contraction 
of the vesical wall, '-the terminal portion of the ureter is compressed by 
the muscle fibers, thus preventing the reflux of urine as the intravesical 
pressure increases. , 

The peristaltic action of the ureter itself may also. help to prevent 
reflux. 

Blood Vessels. The ureter has an abundant, freely anastomosing 
blood supply from branches from the renal, common iliac, internal 
spermatic, uterine or hypogastric, and inferior vesical arteries. The 
larger vessels run in the outer, fibrous coat, where they anastomose 
freely. From these, branches pierce the muscularis and stroma of the 
mucosa, where they form a rich network of capillaries. 

The veins arise from plexuses in the stroma of the mucosa. They 
follow the arteries. 

Lymphatics. The lymphatics of the ureter accompany the arteries, 
and are especially numerous in the stroma of the mucosa. The lymphatic 
distribution is segmental and not continuous. Those from its upper 
portion drain into the lumbar and preaortic lymph nodes; those from 
the central portion drain into the iliac nodes; while those from the intra- 
pelvic portion empty into the hypogastric nodes. Like the arteries which 
they accompany, the lymphatics anastomose very freely. 

The Nerves. It is now generally believed that the ureter has an 
intrinsic neural mechanism, consisting of nerves, plexuses, and innumer- 
able ganglia, by which it functions automatically and initiates and per- 
haps regulates its own muscular contractions. 

Satani (1919) found nerve fibers and ganglian cells along the entire 
course of the ureter, from the renal pelvis to the vesical orifice. Most 
of the nerve tissue was in the outer, fibrous coat, the mucosa, and sub- 
mucosa. Between the outer, fibrous coat and the muscular layer he 
found a well-developed network of large nerve fibers, placed parallel 
to the ureteral axis. Only in the lower part did he find large ganglia. 
In the middle portion were located the smallest ganglia, for the most 
part containing few cells or but a single cell. 

The main nerve supply of the ureter is the network between the sub- 
mucosa and the muscularis. In the muscle coat itself nerve elements 
are usually very scanty. Most of these fibers appear to run obliquely, 
as if they penetrated the muscle layer to make connection between the 
two plexuses in the outer, fibrous and inner, mucous coats. The muscle 
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layer, therefore, while poor in intrinsic innervation, is surrounded by two 
nerve networks with many ganglia on both its outer and inner sides, 
which conduct nervous impulses to the muscle tissue. 

An earlier investigator, Maier (1881), also found numerous ganglia 
in the submucosa and muscularis. Hryntschak (1925), on the other 
hand, denies their existence. In his very extensive investigations in 
both man and animals he found ganglion cells limited to the adventitia, 
none whatever being present in the mucosa or muscularis. 

Macht (1917), after studying the reaction of the ureter to drugs, con- 
cluded that it is innervated by the dorsolumbar or true sympathetic 
nervous system and also by the sacral autonomies or parasympathetics, 
and that there are ganglion cells in its walls. 

The ureter’s extrinsic preganglionic innervation is derived from numer- 
ous sources: the renal, spermatic (or ovarian), aortic, hypogastric, and 
pelvic plexuses. 

C. Anomalies of the Ureter 

Ureteral anomalies are far more frequent than the average practi- 
tioner has believed. Their clinical recognition has become common with 
increase in the frequency of cystoscopic and roentgenographic study of 
patients. 

Since an anomalous organ is more susceptible to pathological complica- 
tions than a normal one, a large proportion of ureteral anomalies are 
discovered during examination for secondary conditions. Obstructive 
and infective lesions of the upper urinary tract resulting from them are 
of frequent occurrence, and such anomalies are therefore of surgical 
importance to the urologist. There are undoubtedly many, however, 
in whom the congenital malformation produces no symptoms and who 
go through life unaware of their abnormality. 

It is easy to understand why ureteral anomalies are so common when 
one considers the complex embryological development of the kidney and 
ureter through the three stages of pronephros, mesonephros, and meta- 
nephros; the migration of the kidney from the pelvis to the lumbar region, 
and its rotation around its longitudinal axis; and the complicated develop- 
ment of the renal vascular system. 

Classification of Ureteral Anomalies. Congenital anomalies of the 
ureter may be divided into four major groups: (1) anomalies >n number, 
(2) anomalies of position, (3) anomalies of form and lumen, (4) anomalies 
of termination. There is of necessity a certain amount of overlapping, 
since many cases may properly be placed in more than one category — 
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for example, double ureters with ectopic openings, or accessory ureters 
with blind endings. In the following table we have attempted to group 
under these four heads the various forms of ureteral anomalies that have 
been reported. 

I. Anomalies in number 

a. Congenital single ureter 

1. Draining solitary kidney 

2. Bifid ureter with single orifice, draining both kidneys 

b. Supernumerary ureter from supernumerary kidney 

1. Entering bladder by third orifice 

2. Joining normal ureter, forming Y (unilateral bifid ureter) 

3. With extravesical orifice 
c Partial duplication of ureter 

1. Unilateral bifid ureter 

a. Two pelves; ducts join before reaching bladder (Y ureter) 

b. Single pelvis; single ureter above, dividing near bladder wall 

and entering by 2 orifices (inverted Y ureter) 

2. Bilateral bifid ureter; 2 pelves in each kidney, single ureteral orifice 

on each side 

3. Duplicated ureter on one side, bifid on other; 2 pelves in each kidney 

4. Fusion of several ureters into single lumen outside kidney, with or 

without formation of a pelvis 

d. Complete duplication 

1. Unilateral 
2 Bilateral 

3. Multiple ureters on one or both sides 

e. Double ureter (2 lumina within single outer coat) 

f. Blind-ending accessory ureters 

1. Bifurcation ending blindly 

2. Accessory ureter entering bladder through accessory orifices; ending 

blindly at cranial end 

3. Accessory ureter ending blindly at both ends 

II. Anomalies of position 

a. Both ureters on one side 

1. Draining unilateral double kidney (opposite kidney missing) 

2. Draining unilateral fused kidney 

b. Crossed ureters; kidneys in normal position 

c. Crossed renal ectopia, with normal vesical openings 

d. Abnormal course of ureters 

1. Due to pelvic or mural position of kidney 

2. Ureter from congenital single kidney opening on opposite side of 

bladder 
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III. Anomalies of form and lumen 

a. Congenital stricture 

b. Congenital Links and spiral twists 

c. Congenital valves 

d. Megalo-uretcr (congenital dilatation) 

e. Diverticulum 

f. Anomalous length, dependent upon renal ectopia 

IV. Anomalies of termination 

a. Anomalous intravesical termination 

1. Intramural stenosis 

2. Termination in intravesical cyst 

3. Termination in vesical diverticulum 

4. Bifid ureter with separate ureteral orifices (inverted Y ureter) 

5. Ureterocele, or cystic dilatation of vesical end of ureter 

b. Extra vesical termination 

1. Solitary ureter terminating extravesica lly 

2. Ectopic ureteral orifices (1 pair of kidneys) 

a. Single ureter opening extravesically 

b. Both ureters opening extravesically 

3. Ectopic ureteral orifices (double kidneys) 

a. Unilateral duplication of ureter, with supernumerary ureter 

opening extravesically 

b. Unilateral duplication, both ureters opening extravesically 

c. Bilateral duplication, with I ureter opening extravesically 

d. Bilateral duplication, with supernumerary ureters on both sides 

opening extravesically 

Anomalies in Number. Variation in the number of ureters is by far 
the most frequent form of ureteral anomaly. Ureteral duplication with 
double renal pelves occurs more often than all other ureteral anomalies 
together. In such cases the kidney may be distinctly supernumerary 
or of the fused type. “Double” pelves may mean merely an elongation 
of the upper calvx or two distinct functioning pelves. Double pelves 
may exist in conjunction with a normal ureter or there may be two pelves 
with wholly distinct ureters. The two pelves are generally placed one 
above the other. A double kidney is a further extension of the duplica- 
tion process. It has been variously estimated that from 1 to 4 per cent 
of all human beings vary in some degree from the normal number 
of ureters. 

Of the several forms of ureteral duplication that have been recorded, 
unilateral incomplete duplication with double pelves (bifid ureter; Y 
ureter) is the most common. The ducts unite at some point before 



1216 


CLINICAL UROLOGY 


reaching the bladder, into which they open through a common orifice. 
Bilateral bifid ureter, while much less frequent, is not rare. 

Blind-ending bifurcations are very rare, and are usually confused with 
ureteral diverticula. Such ureters may produce more or less severe 
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distances from the bladder. Rarely, a supernumerary ureter "will end 
blindly at both the cranial and caudal ends. 

The condition known as ureter bifidus caudalis, or inverted-Y ureter, 
in which a single ureter starting from the pelvis bifurcates lower down 



Flc. 276. Unilateral duplication of theureter. Hydronephrosis, normal ureter and hydro- 
ureter on the left side; ureterocele. (Chnstcller.) 

and opens through two orifices, one of which may be extra vesical, is very 
rare — less than a dozen cases having been recorded. No satisfactory 
explanation of the embryology of this condition has been advanced. 
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Triplication of the ureter and pelvis is of the greatest rarity. In a 
very interesting case described by Lau and Henline (1931) there was a 
single ureter and bifid pelvis on the left side and three ureters on the right, 
one of which led to an aplastic ectopic kidney and two to the upper and 
lower halves of a double kidney. Cystoscopy showed three ureteral 
orifices in the right angle of the trigone and one in the left. 



ric. 277 Unilateral duplication of the ureter. View of opened bladder and posterior 
urethra, showing the accessory ureter opening on the \crumonlanum. 

Much less common than bifid ureter is duplication of the duct in its 
entire extent. This, also, may be bilateral or unilateral — more often 
the latter. The ureters usually leave the pelves at a normal angle. 
Each duct opens into the bladder through its own orifice, the one above 
the other; or one ureter may open into the bladder and the other extra- 
vesically. The two ureters may run parallel to one another in their 
entire course, or they may cross each other on their way up. The most 



ANATOMY AND PHYSIOLOGY OF URETER 1219 

common points of crossing are just above the bladder and below the 
ureteropelvic juncture. Very rarely the ureters may be partially or 
entirely enclosed in a common sheath. 

In a review of the literature in 1922, Haipster, el al. collected 382 cases 
of ureteral duplication, divided as follows: bilateral complete, 40; uni- 
lateral complete, 181 ; bilateral incomplete, 28; unilateral incomplete, 133. 
In 144 cases of duplication reported by Braasch and Scholl in 1922, the 
duplication was divided as follows: bilateral complete, 8; unilateral 
complete, 36; bilateral incomplete, 1; unilateral incomplete, 99. In a 
series of 4,215 autopsies reported on by Lowsley, Kingery, and Clarke in 
1924, there was unilateral complete duplication of the ureters in 8 
instances; bilateral incomplete duplication in 3; and unilateral incom- 
plete duplication in 7. No bilateral complete doubling was observed. 
Complete absence of a ureter was noted twice. 

Anomalies of Position. There is rarely displacement of the ureter 
except in association with solitary or malformed kidneys, or simple or 
crossed renal ectopy. In crossed ectopy the cystoscopic appearance of 
the bladder is normal, but the ureters cross in such a way that the duct 
from the right kidney enters the bladder on the left side, and vice versa. 
Aberrant blood vessels may cause more or less abnormality in the posi- 
tionof the ureter (Ureteral Obstruction Due to Aberrant Vessels, p. 1280). 

Anomalies of Form and Lumen. Anomalies of form and lumen include 
congenital (1) strictures, (2) spiral twists and kinks, (3) dilatation, or 
megalo-ureter, (4) diverticulum. 

Congenital strictures usually occur at the points of physiological con- 
striction, that is, at the ureteropelvic junction, about the center of the 
ureter’s extent at a point where it comes in contact with the iliac vessels, 
and in its juxtavesical portion. They are found mostly in the fetus and 
newborn and at autopsy. Intramural stenosis is referred to below in 
connection with anomalies of termination. 

Spiral twists and kinks are sometimes undoubtedly of congenital origin. 
Kinks are usually found in connection with faulty modes of origin of the 
ureter from the renal pelvis, but they’ may also occur at a number of 
different levels, doubtless resulting either from abnormal motility of the 
kidney or from excessive length of the ureter itself. A kink or angula- 
tion may also be secondary to an aberrant blood vessel interfering with 
the normal course of the ureter. 

Megalo-ureter , or congenital dilatation of the ureter, is a condition 
in which there is permanent gaping of the ureterovesical orifice with a 
greatly dilated ureter. The condition is frequently bilateral. 
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Diverticulum of the ureter is very rare, and maj r be either congenital 
or acquired. It may readily be confused with a ureteral bifurcation 
with a blind ending, and some of the cases reported in the literature are 
really bifurcations. 

Each of these various abnormalities of form and caliber of the ureter 
may be either congenital or acquired. Both forms — the congenital and 
the acquired — will be considered together in the following chapter 
devoted to Injuries and Diseases of the Ureter (Stricture, p. 1270; Kinks 
and Angulations, p. 1277; Megalo-ureter, or Dilatation of the Ureter, 
p. 1291; Diverticulum, p. 1257). 

Anomalies of Termination. Intramural stenosis is occasionally encoun- 
tered in the newborn. In an adult, this condition cannot be differ- 
entiated from an acquired stricture (Stricture of the Ureter, p. 1270). 

Ureterocele , or cystic dilatation of the vesical end of the ureter, is some- 
times congenital, but in other cases it is undoubtedly an acquired condi- 
tion. Differentiation between the congenital and acquired types may 
be extremely difficult or impossible (Ureterocele, p. 1285). 

Ectopic ureteral endings are not uncommon, and probably occur about 
equally in both sexes. In the female, they usually produce incontinence 
and are therefore discovered; but in the male, they cause fewer symp- 
toms and are frequently overlooked. Sometimes one or both otherwise 
normal ureters terminate extra vesically. Again, the normal ureters 
will terminate in their proper places in the bladder, but supernumerary 
ones will end extravesically. In the male, the ectopic opening is into 
the prostatic urethra, a Cowper’s gland, seminal vesicle, ejaculatory 
duct, or vas deferens. These are all of mesoncphric-duct origin. 
In the female, the opening is into the urethra, vestibule of the vagina, 
vagina, tube, or uterus. In either sex, the ureter may terminate in the 
rectum, vesical neck, or some portion of the bladder other than the 
normal site. 

In the largest group of cases collected to date, that of Thom (1928), 
63 of the 185 patients were males, 117 females, and in 5 cases the sex was 
not mentioned. The cases were divided as follow's: 


Single ureter with extravesical orifice 51 

Bilateral single ureter with extravesical orifice 6 

Unilateral duplication « ith extravesical opening of accessory ureter 96 

Complete ureteral duplication on 1 side with extravesical opening of both 

ureters . . ■ 2 

Bilateral complete duplication with extravesical opening of only 1 ureter. ... 21 
Bilateral ureteral duplication with extravesical opening of all 4 ureters 2 
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In the male, the opening was found into the prostatic urethra, 33 times; 
seminal vesicles, 17 times; vasa deferentia, 6 times; ejaculatory ducts, 
5 times. In the female, the opening was into the urethra, 37 times; 
vestibule, 45 times; vagina, 32 times; uterus, 3 times. 

In a case reported by Lowsley and Conroy, there was a doable kidney 
on the left side with double ureter, the accessory ureter opening into the 
vaginal vestibule. The 23-year-old patient had had continual leakage 
of urine since birth, and had been told that she had a vesicovaginal fistula. 
Vaginal examination showed, 1 cm. below the urethra and to the left of 
the midline, a small opening, which emitted spurts of clear fluid. A 
probe inserted into this opening passed easily into what was thought to 
be the bladder, giving the impression that this was a vesicovaginal fistula. 
The probe was withdrawn, and a ureteral catheter was inserted for 20 
cm. Cystoscopy, however, revealed no evidence of the catheter. Both 
ureteral orifices appeared normal in size and location. It was decided 
that the patient had an accessoiy ureter opening into the vaginal 1 vesti- 
bule. Retrograde pyelography confirmed this and showed a double 
left kidney. The accessory ureter, leading to the upper kidney, was 
greatly dilated due to a stricture at its lower end. The ureter from the 
lower kidney was normal. The accessory left kidney, with a portion of 
its dilated aberrant ureter, was removed under rib-resection technic. 
The patient was discharged 23 days later, with the wound healed and 
her incontinence cured. 

Etiology of Ureteral Anomalies. To understand how ureteral duplica- 
tion may occur it is necessary to review the earliest development of the 
ureter. At about the fourth week of embryonic life the anlage of the 
ureter, renal pelvis, and calyces makes its appearance as a budding from 
the mesonephric duct close to the point where it enters the cloaca 
(Embryology of the Ureter, p. 1208). The ureteral bud grows first 
dorsally and then crania By. Its blind end becomes dilated, forming the 
primitive renal pelvis. A cap of metanephrogenic tissue covers the 
dilated end. Subsequently the dilated blind end divides into a cephalic 
and a caudal branch and two or more smaller central evaginations, which 
become the calyces and straight tubules of the adult kidney. 

It is readily seen that the various degrees of duplication of the ureter 
and renal pelvis may occur as the result of premature or exaggerated 
splitting of the ureteral bud, so that the split is not confined to the tip 
alone but extends for some distance downward along the ureteral stalk. 
Most embryologists attribute complete duplication to the giving off of 
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two or even more ureteral buds from the mesonephric duct. The great 
majority of congenital anomalies of the ureter are dependent upon 
changes in the normal development of the ureteral bud, and arc there- 
fore in existence by the third month of fetal life. 

Since, in the preponderance of embryo logical material, the ureteral 
buds are seen to grow dorsally, keeping close together and carrying their 
caps of mesodermic cells upward, it is logical to assume that variations 
from this course might produce certain of the anomalous formations 
observed in clinical practice. Should the ureteral buds lie closer together 
than normally, there might result one of the numerous forms of fused 
kidney, with displacement of the ureters. Even in fused kidneys, how- 
ever, the course and termination of the ureters may be entirely normal, 
though there is almost always some variation in their length. 

The question of the origin of the various types of ureteral duplication 
is by no means clear, and none of the explanations thus far advanced 
satisfactorily accounts for all forms. 

Practically nothing is known regarding the origin of congenital stric- 
tures, kinks, and angulations. Spirality is a marked characteristic of 
any duct arising from the wolffian body (ureter, oviduct, uriniferous 
tubules). Evidences of the original spirality of the ureter are often 
seen at autopsy. Thus, the occurrence of congenital kinks or angulations 
might easily be explained. 

There is a similar paucity of authentic data concerning the origin of 
congenital dilatation of the ureter. It has been demonstrated that in 
the embryo the ureter is of relatively greater size than in the adult. 
Persistence of this condition would account for the widely dilated ure- 
ters occasionally seen for which no pathological cause is evident. Again, 
it may well be that congenital dilatation is not an anomaly per se, but 
dependent upon some other malformation in the urinary tract. 

Symptoms of Ureteral Anomalies. Pathological complications are 
much more likely to occur in congenitally malformed kidneys and ureters 
than in normal organs. Mertz (1920), in a review of 300 cases, found 
pathological complications in 30 per cent; while Hawthorne (1936), in a 
report of 63 cases of duplication, found hydronephrosis in 48 and infec- 
tion in 50. Since duplicated ureters and kidneys give no symptoms 
unless attacked by disease, it is usually when the patient seeks treat- 
ment of these secondary conditions that the anomaly is discovered. 
Clinically, the various pathological conditions found in duplicated kid- 
neys and ureters arc essentially the same as when they occur in the single 
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kidney. We have found infection to be the most common complication, 
with hydronephrosis second in frequency, and stone third. These 
sequelae arc the result of stasis, which is frequent in the course of ure- 
teral anomalies, due to irregular peristalsis, twisting and kinking of one 
ureter about the other, anomalous insertion into the bladder, etc. In 
most cases of unilateral abnormality observed by us the opposite side 
was healthy. 

Where congenital twists, kinks, and dilatations exist, symptoms refer- 
able to the urinary tract appear very early. It is probable that many 
subjects of these malformations die so early that the anomaly is not 
searched for, or even suspected. The thorough scrutiny of the urinary 
tract which is necessary to demonstrate such conditions would hardly be 
undertaken unless some very pronounced urinary symptoms were present. 
The symptoms and diagnosis of congenita! anomalies of form and lumen 
will be considered more fully later on, in connection with acquired abnor- 
malities of a similar nature 

Ureteral ectopies in females as a rule open below the sphincter, so 
that constant dribbling early brings them under urological examination. 
This probably explains, in part at least, the large proportion of females 
among the reported cases. The common use of cystoscopy and pyelog- 
raphy has resulted in many unexplained cases of incontinence in women 
being traced to such ectopic openings. In men, the ectopic orifices are 
likely to be located within sphincteric control, and, no incontinence 
existing to call attention to them, they are only discovered accidentally, 
when secondary infection, stone, or back pressure may produce symptoms 
leading to an examination. Persistent disturbances of urination or 
pyuria in either a child or an adult require a thorough urological exami- 
nation, bearing in mind the possibility of ureteral ectopies. 

Diagnosis. The routine use of retrograde and intravenous pyelog- 
raphy has proved of great value in the early clinical recognition of 
ureteral anomalies. 

Under normal conditions, complete duplication of the ureter and pelvis 
can usually be recognized with relative ease by cystoscopic inspection, 
and the diagnosis confirmed by the use of x-ray catheters and uretero- 
pvelograms. The ureteral orifices are usually situated close together 
and at approximately the normal location in the lateral portion of the 
trigone. At times, however, they ate widely separated and placed in 
abnormal parts of the bladder, so that their discovery may be very 
difficult. When the bladder is acutely inflamed, multiple orifices may 



1224 


CLINICAL UROLOGY 


easily be overlooked. One should always bear in mind the possibility 
of duplicated ureters during routine cystoscopy, and make a careful 
search for accessory orifices. Catheters may be passed into each of 
the ureteral orifices, specimens obtained for the usual examinations, and 
functional tests performed for the estimation of the function of the sepa- 
rate segments of the double kidney. 

The diagnosis of incomplete duplication occurring above the bladder, 
the most common anomaly, is dependent upon the routine use of pyelo- 
ureterography. Thepresence of pathological complications in one or both 
segments of a bifid ureter may render the recognition of the anomaly 
very difficult. The duplicated ureter may become occluded so that the 
pyelo-ureterogram does not show the duplication. When performing 
retrograde pyelography, it will be found advantageous to raise the patient 
to an upright position during the final exposure, withdraw the catheters 
until the tips are about 2 cm. from the ureteral orifices, and inject a 
little more of the opaque solution. This serves to give greater clarity 
to the outline, and often reveals bifid ureters which would not be dis- 
covered were the contrast medium injected in the customary way. Cor- 
rect interpretation of the roentgenograms thus obtained requires con- 
siderable study and practice. 

Not only should the separate segments of a double kidney be studied 
as to function and the presence or absence of pathological changes, but 
it is of practical importance to ascertain, by urography, the relative 
size of the two pelves, the distance separating them, and whether or 
not they communicate, as these factors have important bearings upon 
the treatment. 

Congenital strictures , twists, dilatations, and diverticula are well demon- 
strated on the pyelo-ureterograms, and are readily detected, on routine 
pyelo-ureterography, although differentiation between congenital and 
acquired forms may be impossible. The symptoms of stricture due to 
aberrant vessels are by no means characteristic, as a long list of un- 
availing appendectomies bears witness. In view of the relatively fre- 
quent occurrence of aberrant vessels and otherwise anomalous ureters, 
every clinician should keep in mind the possibility of their existence 
and insist on a search being made for them before radical measures are 
undertaken. Undoubtedly, many unnecessary' operations would thus 
be avoided. 

If the ureteral catheter is arrested or the renal pelvis reached sooner 
than normally it should be, renal dystopia should be thought of, though 
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its actual demonstration is dependent upon roentgenography. Crossed 
renal ectopy gives no hint of its existence cystoscopically, since the 
ureteral orifices are normal in appearance and position. 

Ectopic openings into the urethra or vagina may be difficult to locate, 
but their discovery is facilitated by the intravenous administration of 
indigo-carmine. With modern urethroscopes one can frequently locate 
and catheterize the ectopic orifice when in the urethra. In every case 
of unexplained incontinence or persistent pyuria a careful search should 
be made for ectopic openings. 

Cystoscopy, by revealing abnormality in the number of the ureteral 
orifices, is of value. For example, if no orifice is seen, there may be one 
kidney with an ectopic ureter or two kidneys, both of which end extra- 
vesically. If only one orifice is found in the bladder, it may indicate 
absence of one kidney and ureter or the presence of a normal ureter on 
one side with an ectopic ureter on the other. It must be borne in mind 
that if two orifices are seen in the normal position in the bladder, there 
may be one or two accessory ureters draining ex t raves ically. Occasion- 
ally, a dilated accessory ureter passing under the bladder mucosa can 
he observed cystoscopically. 

Intravenous urograms are of value in diagnosing extravesical orifices 
and ureteral duplications provided there is sufficient functioning tissue 
in the renal mass belonging to the ectopic ureter to eliminate the con- 
trast medium. 

After an ectopic opening has been located, its relation can be shown 
by retrograde or intravenous pyelography. It is important not only 
to make the diagnosis of ectopic ureter and to locate the extravesical 
opening, but also to ascertain the condition and function of the kidney 
drained by the ectopic ureter. If the ectopic ureter is an accessory 
duct, one should learn not only the condition of the portion of the kidney 
drained by it, but also the condition of the other part of the kidney. 
Full information regarding the kidney on the other side is, of course, 
essential. 

Prognosis. The outlook as a rule depends on the prognosis of the 
secondary’ pathological condition which led to discovery of the ureteral 
anomaly. 

Treatment. Duplication in itself is symptomless, and requires no 
special form of treatment. A ureteral anomaly which is discovered 
accidentally and is unaccompanied by pathological complications is 
usually best left undisturbed. In the more common cases presenting 
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secondary pathological conditions, the treatment is that required for the 
complication present. Hydronephrosis, infection, and stone are the 
most common complications. It should be borne in mind, when treating 
adult patients whose anomalous ureters have only recently caused them 
difficulty, that such deformities will probably be amenable to treatment 
similar to that applicable when anatomically normal organs have become 
diseased. If only a pyelitis is present, conservative treatment may 
suffice. A considerable percentage of these cases, however, eventually 
require operation. Surgery should be conservative whenever possible. 
Many surgeons get rid of a troublesome abnormal ureter by removing 
a functioning kidney— a doubtful procedure in our opinion, unless there 
is marked disease of the entire kidney with a competent kidney on the 
opposite side. Plastic operations solve many of these problems. Re- 
implantation of a misplaced and poorly functioning ureter has restored 
many urinary mechanisms to normal capacity. Heminephrectomy is 
applicable in many cases with double or supernumerary kidneys and 
ureters. A supernumerary ureter, especially if its opening be extravesi- 
cal, may sometimes be removed without injury to the kidney proper, 
or its proximal end may be reimplanted into the bladder. 

The surgical treatment of ureteral anomalies is considered under 
Surgical Treatment of the Ureter (p. 1302). 

D. Physiology of the Ureter 

The function of the ureter is the transportation of the urine from the 
renal pelvis to the bladder. If the transportation system is disorganized 
by some interference with ureteral function, such as that resulting from 
stricture, impacted stone, or new growth, the kidney wifi be seriously 
affected or even completely destroyed. If the disturbance is unilateral, 
the bladder may continue to function normally, but as a rule the bladder 
also shares in the general disorganization which even a trifling lesion of 
the ureter is capabie of producing. The great importance of this duct, 
and its influence upon the rest of the urinary tract, thus becomes evident. 

Ureteral Peristalsis. The urine is propelled from the renal pelvis to 
the bladder by rhythmical peristaltic contractions which travel at a rate 
of 1 to 5 a minute in man, depending upon the volume of urine secreted 
by the kidney. The urine therefore reaches the bladder not in a con- 
tinuous stream but in spurts. 

The normal peristaltic movements of the ureter were studied by 
Lucas (1904), who found that a suction followed the peristaltic wave, 
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while at the same time a force was exerted on the fluid in front of the 
wave. In the normal ureter the pressure remains low in the renal pelvis 
because of an anatomical arrangement which prevents the pelvis from 
collapsing under negative pressure , that is, there exists a rhythmic move- 
ment of the pelvis which has a "milking action” upon that portion of 
the pyramid which projects into it. An increased flow of urine calls 
forth a brisker peristalsis and therefore does not produce an increase of 
pressure. Lucas noted that in the vesical end of the ureter contractions 
are smaller but occur oftener than in the middle section. It is reasonable 
to suppose that these contractions have some influence in preventing 
regurgitation. 

The rate of the ureteral peristaltic waves varies according to the extent 
of the kidney’s activity. The extent of the waves is also subject to 
considerable variation. Sometimes they run from one end of the ureter 
to the other; again they may be observed to originate at the renal pelvis, 
but die away before the bladder wall is approached. Small local waves 
can also be seen, being visible only in a restricted area in any segment 
of the ureter. 

During the last decade some very definite additions to our knowledge 
of ureteral peristalsis and physiology have been made by H. R. Trattner 
(1932), who studied the function of the human ureter by the aid of the 
"hydrophoragraph” (water-wave recorder). He found that ureteral 
peristalsis consists of (a) a longitudinal contraction which shortens the 
ureter and narrows but does not obliterate its lumen, and (b) a circular 
contraction which momentarily obliterates the lumen in successive seg- 
ments of the ureter as the wave advances. The tonus of the ureteral 
musculature and the strength of contraction determine the degree of 
shortening and narrowing of the ureter by the longitudinal contraction 
and the degree of encroachment on the lumen by the circular contraction. 
The longitudinal and circular fibers contract almost simultaneously, but 
the longitudinal wave quickly involves the entire duct. The circular 
wave can be seen coursing successive segments of the ureter while the 
duct remains longitudinally contracted; when the circular wave ceases, 
complete relaxation occurs. During relaxation, pcndulum-likc move- 
ments of the longitudinal muscle may appear; these are not concerned 
with the propulsion of urine. Trattner observed that peristalsis may 
begin in the middle or lower third of the ureter, this being frequently 
followed by peristalsis of the entire duct. 

Factors that Influence Ureteral Peristalsis. Many factors have been 
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demonstrated to influence ureteral peristalsis: age, sex, blood flow and 
oxygen-carbon-dioxide content of the blood, nutrition, diuresis, the 
concentration of the urine, intra-abdominal and intravesical pressure, 
inflammation, bacterial toxins, and the intraureteral or systemic adminis- 
tration of certain drugs. 

Ockerblad and his co-workers found that when morphine was given 
subcutaneously in the usual clinical doses, ureteral tone, as well as the 
extent of the ureteral contractions, was greatly increased. Atropine, 
in doses of one one-hundredth of a grain, invariably wiped out the con- 
tractions which morphine had stimulated in the urine, resulting in 
decided loss of tone; but atropine used alone produced no noticeable 
effect on muscle tone. These experiments indicate that the usual con- 
ception of a quieting effect upon the ureter, obtained by the administra- 
tion of morphine, is incorrect. Actually, morphine stimulates but never 
acts as a sedative to the ureteral muscles. 

Ureteral Antiperistalsis. Until quite recently it was believed that 
reverse peristalsis never took place in the ureter. Trattner, however, 
observed that while both longitudinal and circular contractions usually 
begin at the upper end of the ureter and proceed toward the bladder, 
both waves may also originate at the vesical end and travel toward the 
kidney. Waring exhibited a calculus formed about a piece of grass 
which the patient admitted having introduced into his urethra more 
than a year earlier. This calculus was found in the right renal pelvis, 
and the only explanation of its presence there seemed to be that it had 
been carried up the ureter by reverse peristalsis. Braasch reported the 
finding of a hairpin calculus embedded in the right ureter. 

Vesico-ureteral Reflux. Investigators differ in their opinions as to 
whether or not it is possible for vesico-ureteral reflux to occur under 
normal conditions. It is well known that regurgitation of urine can 
occur under conditions of disease or dysfunction of the bladder or ureter, 
resulting in loss of muscle tone and alterations in the ureterovesical 
valve — the simple mechanical contrivance which normally prevents 
reflux. Such pathological conditions include back pressure due to pros- 
tatism or valves of the posterior urethra, infections of the bladder, stone, 
etc. Primary atony of the ureter and complete congenital dilatation 
may produce like results. Although vesico-ureteral reflux is much more 
frequent in pathological than in normal conditions, it has been cysto- 
graphically demonstrated in normal persons, both children and adults, 
in numerous instances. 
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The entire question has been elaborately studied by Graves and 
Davidoff, who concluded that the phenomenon of reflux exists but de- 
pends primarily upon sustention of the bladder tonus as the muscle 
actively resists distention. If such a pathological condition as obstruc- 
tion of the vesical neck is present, none of the mechanism which normally 
prevents the bladder content from regurgitating up the ureters is suffi- 
ciently efficient when the bladder contracts vigorously. 
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CHAPTER XXXIV 


INJURIES AND DISEASES OF THE URETER 
A. Injotues to tiie Ureter 

Etiology and Pathology. Traumatic Injuries. The ureter is seldom 
subject to traumatic injury. Occasionally, in cases of extraordinary’ 
violence, such as automobile or industrial crushing accidents, the duct 
may be traumatized. Ordinarily, however, its mobility and small size 
protect it from trauma, even though the kidney or bladder may be 
injured. 

Ureteral trauma may take one of several forms. The duct may be 
punctured by slivers of bone, glass, or metal; it may be pierced by re- 
volver bullets or bits of shrapnel; it may be tom, partially or completely, 
into two fragments; it may be slit, leaving a clean cut, which heals readily 
by first intention; or it may have a gaping wound gouged from its wall, 
with ragged edges which quickly invite infection and cannot be drawn 
together because of too great loss of substance. Wounds inflicted by 
missiles from firearms are even more uncommon than those incurred in 
traffic or industrial accidents. Up to 1931 only 7 such cases had been 
reported in medical literature (Le Comte), and even in war-time, gunshot 
injuries to the ureter appear to be very rare. 

Injuries Incurred During Ureteral Instrumentation. Puncture of the 
ureter during catheterization occasionally occurs. This is much more 
likely to happen if the wall has been weakened by disease. This possi- 
bility of rupture or penetration during diagnostic or therapeutic ma- 
neuvers sometimes assumes medico-legal importance. Wesson collected 
a number of such cases from the literature and from his own clinical 
experience and that of some of his colleagues. Examination of the case 
records revealed that in every case the ureter under investigation was 
diseased before the instrument was introduced. From experiments 
upon cadavers, Wesson concluded that the wall of a normal ureter cannot 
be punctured by the usual ureteral catheter, and it is doubtful if a dis- 
eased ureter can be perforated unless a deep ulcer is present. 

There is always a possibility that rupture of the ureter may have 
occurred before exploration was attempted, but this not having been 
1232 
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recognized, the damage to the wall is assumed to be the result of the 
instrumentation. A few cases have been reported of stones eroding 
through all the coats of the ureteral wall. 

Henline, in 1934, reported 9 cases of instrumental trauma to the ureter 
occurring in our service and briefly reviewed the literature. It was his 
opinion that accidental injuries to the ureter during diagnostic explora- 
tion or the introduction of instruments for therapeutic purposes is a more 
frequent occurrence than the reports in literature would indicate. It 
should be impressed upon the mind of every practitioner that while a 
normal ureter is not readily traumatized by the ordinary ureteral cath- 
eter, a diseased ureter may he highly friable in more or less of its extent 
and easily injured. Instrumental manipulation in a diseased ureter must 
be carried out with the utmost caution; and in such circumstances as 
the removal of a ureteral stone, the relative merits of intraureteral 
manipulation, and removal through an external surgical incision which 
can be controlled and properly repaired, should be carefully weighed. 

Surgical Injuries . Injury to the ureter is most likely to occur during 
the course of extensive surgical interventions, especially gynecological 
operations, such as the removal of large uterine fibroids which may have 
displaced the ureter from its normal position. Such a mishap may also 
take place during the removal of diseased fallopian tubes, intraliga- 
mentous cysts, uterine carcinomas, and tumors of the bladder, or in the 
course of a difficult instrumental delivery, an extrauterinc pregnancy, or 
a seminal vesiculectomy. It is probable that unintentional severing or 
ligation of one or both ureters not infrequently goes unrecognized, and 
that many postoperative deaths attributed to other causes may be trace- 
able to this accident. “Injuries to the ureter are by no means uncom- 
mon accidents, even though few of them ever find their way into print," 
remarked Baldy in 1896; and this statement probably still holds true. 

Neither do hospital services show the actual incidence of operative 
injuries to the ureter. Stevens, for example, notes that in his own service 
at the Stanford University School of Medicine only 5 cases of ureteral 
trauma were noted in 27,708 admissions, and of the 1,086 pelvic opera- 
tions performed, accidental injury to the ureter was noted but 4 times. 
To these meager figures he opposes those gleaned from literature by 
Bland, who collected 310 instances, and by Herman, who found that the 
ureters had been injured in 86, or about 4 per cent, of a series of 2,225 
pelvic operations 
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Surgical injuries to the ureter are most likely to occur (1) in the region 
of the broad ligament, where it is likely to be included in a ligature of 
the uterine artery, or (2) in its upper third, in the region of the utero- 
ovarian pedicle. 

The usual types of surgical injury' are ligation, incision, resection, 
damping, and extensive stripping and interference with the blood supply. 

Accidental ligation may be done on one or both sides. The affected 
ureter is usually completely occluded. Bilateral ligation, of course, 
produces complete anuria, and unless promptly relieved, the outcome is 
fatal. Occasionally, a ureter is ligated only partially, causing a stricture 
or a fistula. The duct may be eroded by a ligature placed too close to 
its wall, or by closure of the operative wound in such a way that tension 
is exerted upon the ureter’s peritoneal envelop. 

An accidental incision of the ureter may be either longitudinal or 
transverse. A longitudinal cut tends to dose spontaneously and is un- 
likely to produce a stricture when healing. If the cut is transverse, but 
involves only a portion of the wall, the remaining bridge of tissue will 
prevent retraction of the two ends and preserve the ureter’s continuity, 
so that it may be possible to pass a catheter from the lower to the upper 
fragment. If the transverse cut is complete, or if a portion of the ureter 
is resected, satisfactory repair will be much more difficult. 

The ureter may be crushed and bruised by the application of forceps, 
hemostats, or clamps. Still another injury' which it may suffer during 
pelvic surgery is the extensive stripping off of its adventitia, with severe 
damage to its vascularization. Both damping and extensive injury' to 
the blood vessels almost invariably result in necrosis, which will usually 
be in evidence from 1 to 3 weeks after operation. 

Any breach of the ureter's continuity, whether it be caused by primary 
cutting or by loss of substance through necrosis, usually eventuates in a 
fistula, which may open into the vagina or cervix; or, rarely’, the fistulous 
tract may lead to the cutaneous surface through the laparotomy wound. 
Sometimes the entire urinary’ output of the affected side will be excreted 
through such a fistula, but more frequently part of the urine will drain 
into the bladder while a smaller quantity seeps through the fistulous 
opening into the vaginal canal, producing a greater or less degree of 
urinary’ incontinence, depending upon the extent of the ureteral damage. 
Such a fistula tends to undergo dcatricial contraction, causing more or 
less complete stricture of the ureter, which will produce ureteral dilata- 
tion above and eventually set up a hydronephrotic condition in the 
kidney of the corresponding side. 
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David Feiner (1938), reporting 8 cases of operative injury to the ureter 
and reviewing 253 others reported in previous publications, found the 
types of injuries represented to be as follows: 

Unilateral Injury to the Ureter (Feiner) 

1. Fistula (causative injury not stated): 

a. Ureterovaginal 91 

b. Uretero-abdominal 8 

c. Combined vieteiova^nat-ut«teTO-abdoTOina\ 1 

2. Severed . . .. SS 

3. Resected 13 

4. Partially severed 16 

5. Ligated . . 18 

6. Clamped ... 10 

7. Interference with Hood supply 6 

Symptoms of Ureteral Injury. Rupture or incision of the ureter 
permits the urine to extravasate into the adjacent tissues, producing 
local and general symptoms which may vary considerably, according to 
the location and extent of the injury. Rupture with estravasation is 
always a grave accident, but particularly so in the presence of virulent 
organisms, as an abscess, phlegmon, or even a general septicemia may 
rapidly result. 

Pain is usually the first local symptom of rupture of the ureter. If 
the injury has occurred during the injection of pyelographic solution, the 
pain is usually sufficient to cause the patient acute suffering when only 
2 or 3 cm. of solution have been injected. It may shortly subside into 
a dull ache, and may pass away completely within a few days, depending 
partly on the location of the injury and the extent to which it has per- 
mitted urine to escape into the surrounding tissues. Tenderness and 
rigidity over the affected side are usually marked and continuous, and 
large doses of sedatives or narcotics are sometimes required to relieve the 
painful spasms. Diminished urinary output may be noted, but this 
sign varies greatly in accordance with the extent to which excretion from 
the corresponding kidney is inhibited. Hematuria may occur, but is 
inconstant and therefore unreliable as a diagnostic indication of ruptured 
ureter. Abdominal distention is an early and constant symptom of 
ureteral rupture, and is probably due to retroperitoneal irritation caused 
by extravasated urine. Tumefaction is usually a late manifestation, 
and the establishment of its existence is often difficult because of muscular 
rigidity and spasm. 

General symptoms of rupture or penetration of the ureter include 
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intermittent chills and fever, which may not occur until the condition 
has persisted for some time, when infection or toxic absorption from the 
extravasated urine will be in evidence. Nausea and vomiting are com- 
mon at first but may cease after the lapse of 24 to 36 hours. The pa- 
tient will usually lie in bed with the leg of the affected side drawn to- 
ward the abdomen, to relieve the contraction of the iJio-psoas muscle 
due to irritation. Any or all of these symptoms may be absent, their 
manifestation being inconstant and depending upon the location and ex- 
tent of the injury. 

Accidental ligation or severance of the ureter during surgical operation 
is frequently recognized at the time it occurs, and immediate repair 
undertaken. This, of course, is the ideal procedure. Often, however, 
the injury remains unobserved, the wound is closed, and the partial or 
complete anuria which soon follows is attributed to postoperative shock 
or to some other plausible cause. If but one ureter has been occluded, 
and the kidney and ureter of the opposite side are healthy, the condition 
may go undiagnosed until a fistula brings about incontinence or there is 
other untoward manifestation. Remotely, there may be lumbar pain 
and intermittent hydronephrosis, with other evidences commonly at- 
tributed to infection of the urinary tract, but unless pyelography is done 
the actual reason for the infection will not be brought out. In other 
cases, urinary extravasation early suggests injury to the ureter. 

Anuria observed in conjunction with inability to pass a catheter should 
always suggest occlusion or severance of the ureter. If the anuria is 
complete, the injury may be bilateral; or there may be unilateral injury 
with a seriously impaired or functionless kidney on the opposite side. 

Diagnosis. The means of diagnosing a rupture or penetration of the 
ureter are the same, whether the injury be due to external trauma or to 
injury from within. Often the diagnosis is suggested by the history and 
readily confirmed by excretory urography. 

If the rupture has occurred during the making of a uretcropyelogram, 
the extravasation will be immediately apparent. 

If ureteral injury can be diagnosed by other means, ureteral catheter- 
ization should be studiously avoided, because an injured ureter is much 
more liable to infection than an intact one. The most important diag- 
nostic evidence obtainable is from excretion urography. Not only does 
this clinch the diagnosis of ruptured ureter, but it also provides indications 
for treatment. Should the opaque medium appear to have extravasated 
outside the ureter, it is a foregone conclusion that urine is likewise passing 
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out by the same route, and the necessity for surgical drainage of the 
affected area is apparent. Pain and local tenderness over the ureter, 
if continuing for more than 24 hours after a stricture has been dilated 
or some other intraureteral instrumentation has been carried out, should 
at once suggest the possibility of a rupture or puncture of the ureteral 
wall, and call for immediate investigation. 

If there is reason to fear that the ureter has been injured during a 
surgical intervention, it will usually be a comparatively simple matter 
to dissect it out so as to expose the portion which may possibly have been 
traumatized. The possibility of severance or ligation of one or both 
ureters should always be borne in mind when dealing with a postopera- 
tive anuria. Inability to catheterize the ureter is, of course, suggestive. 
Intravenous urography is particularly useful in making the diagnosis. 

If the injury has gone unnoticed to the fistulous stage, the diagnosis 
may be more difficult. If the fistula opens through the operative wound, 
there may be a urinous odor to the dressings, or the urine may emerge 
from the wound in spurts timed to ureteral peristalsis. In other cases, 
the presence of urine in the wound exudate may be detectable only after 
the oral administration of methylene blue. If the fistula be urctero- 
vaginal, there will be more or less urinary incontinence. Sometimes the 
orifice can be seen with the speculum. If very minute, its discovery will 
be facilitated by administering methylene blue and watching for the 
appearance of the colored urine through the speculum. The condition 
must, however, be differentiated from vesicovaginal fistula. Cysto- 
scopic inspection after intravenous injection of indigo-carmine will facili- 
tate the location of the fistula and its differentiation from other types of 
urinary fistula. The wisdom of passing a catheter into a ureter suspected 
of being inj'ured is questionable. Some advise very cautious introduction 
of a soit-rubber instrument, without making the least effort to advance 
it once it has met with an obstruction; an opaque medium can then be 
injected through it and roentgenograms made. Sometimes the catheter 
will pass all the way to the renal pelvis despite the existence of the fistu- 
lous opening, indicating an absence of inflammatory’ reaction and a 
minimum formation of scar-tissue. Unfortunately, however, the tip of 
the catheter is much more likely to pass through the fistulous opening 
and possibly curl up in the pathological cavity which has opened out 
behind the injured area. 

In cases where the ureteral injury has not led to fistula-formation, 
there is often a considerable interval between the operation and the 
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appearance of symptoms produced by the trauma to the ureter. The 
patients usually seek relief from intermittent or continuous lumbar pain 
of varying degrees of severity. Examination discloses a renal condition 
which is likely to be diagnosed as hydronephrosis without a careful 
consideration of the operative history. Cystoscopy with attempted 
ureteral catheterization will perhaps show obstruction or stricture of the 
ureter close to its insertion in the vesical wall. If a ureteropyelogram 
is made at this time, it will probably show a stricture at the level of the 
superior strait, the most likely place for the ureter to have been included 
in a ligature during removal of the uterus and ovaries. The ureter will 
usually be dislocated considerably from its normal position. 

Prognosis. The prognosis of a traumatic injury to the ureter depends 
largely upon the circumstances of its occurrence. When the ureteral 
injury is only one of a number sustained in an automobile or other acci- 
dent, it may be impossible to save the patient’s life because his condition 
precludes proper operation for ureteral repair. A previously healthy 
ureter, which can be repaired or reunited over an indwelling catheter, 
can usually be made to heal, but there is generally some impairment of 
peristalsis and a strong chance of permanent dilatation. 

Bilateral severance or ligation during surgical intervention throws the 
patient into a state of uremia, and unless quickly relieved, results fatally. 
Although a few cases have been reported in which the ureter appeared 
to have recovered perfectly, both anatomically and functionally, from 
an operative injury, it is doubtful if a severely traumatized duct, or one 
in which repair has been delayed, ever fully regains its former state. • If 
the injury goes undiscovered, the kidney on the affected side eventually 
is destroyed. 

Treatment. Very small nicks or cuts in the ureteral wall may heal 
spontaneously without treatment, or merely by introducing a ureteral 
catheter. Even fairly large slits and punctures will heal without suturing 
if given the support of an indwelling ureteral catheter, which acts as a 
splint to hold the ureter in proper position while it promotes healing by 
protecting the edges from contact with irritating urinary products. 

Fortunately, as Henline has pointed out, the most common injury 
following ureteral instrumentation is a crack or split of a pathological 
ureter, requiring merely palliative treatment: rest, hot baths, forced 
fluids, local heat to the painful region, alkalis, and sedatives. The 
customary' duration of symptoms is less than a week, and during this time 
the treatment should be conservative and expectant, with constant 
watching of the pulse, temperature, pain, and abdominat rigidity. 
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If pain and tenderness persist for more than 24 hours, an intravenous 
urogram will prove the best method of determining the extent of the 
urinary extravasation, and if this is shown to be progressing, surgical 
drainage should immediately be instituted. A serious clinical problem 
may be set up even when the urinary leakage is in itself small, for in the 
presence of virulent organisms, an abscess, phlegmon, or even a general 
septicemia may rapidly result. 

The immediate and remote operative treatment of ureteral injuries 
is discussed under Operative Treatment of Ureteral Injuries (p. 1315). 

B. Diseases of the Ureter 
Non-Specific Ureteritis 

Infection within the ureter is so closely allied with stricture and other 
obstructions that it is difficult to consider one apart from the other. 

Primary injection of the ureter appears to be uncommon. We have 
seen one interesting case, in which the pelvis and parenchyma of the 
kidney were normal, but the attached ureter was completely filled with 
granulations which suggested tuberculosis. This infection was ruled 
out, however, and the conclusion was inevitable that the infection origi- 
nated in the ureter itself. 

It is highly probable that infections not infrequently arise in the ureter, 
run their course, and subside — all without recognition. Inflammation, 
in the lower section of the ureter especially, is probably responsible for a 
great deal of pelvic pain which is regularly attributed to other causes. 
The infection may be either a lymphatic invasion or secondary to a 
distant focus. 

Non-specific ureteritis secondary to non-specific pyelitis or pyelonephri- 
tis is relatively common. 

Focal injection, emphatically urged by Hunner many years ago as a / 
cause of ureteritis, is now generally accepted as being responsible for 
many cases of simple chronic ureteritis, as well as of ureteral stricture. 
The infective focus may be in the throat or mouth, sinuses, alimentary 
tract, or, possibly, the prostate or seminal vesicles. It is possible that 
the original infection may first be arrested by the lymph nodes in the re- 
gion of the ureter, the infecting organisms then being taken up by the 
ureteral walls, with resulting inflammation and infiltration. The infec- 
tion may descend, to involve the trigone, producing distressing vesical 
symptoms, which usually disappear promptly upon suitable treatment of 
the ureteritis. 

If the inflammation involves chiefly the median portion of the ureter, 
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the pain will be referred along the course of the duct and there will be 
tenderness to palpation in this region. Occasionally, the inflammation 
involves the entire length of the ureter. When such a condition has 
existed for a considerable period, the ureteral wall becomes thin and the 
duct dilated and elongated, resembling a worn-out rubber tube which 
has lost its elasticity. 

The colon bacillus is the organism most commonly isolated in non- 
specific ureteritis. Other bacteria — staphylococci, streptococci, entero- 
cocci, proteus bacillus, typhoid bacillus— may excite ureteritis and 
cystitis, but in the great majority of cases it is the B. coli communis or 
communor which is found. The clinical picture of a colon bacillus 
infection varies considerably. In the more severe cases, microscopic 
examination of the urine is usually sufficient to establish the diagnosis, 
since pus cells and bacteria will be abundant. The preponderance of 
colon bacilli over all other types of organisms found in the ureter is 
attributed by Vermooten to the fact that other common etiological 
agents, such as the streptococcus and staphylococcus, are soon lost when 
the secondary invader makes its appearance. Only by examining and 
culturing a specimen of urine within a few hours of the onset of the 
disease, therefore, can the true causative agent be discovered. 

Treatment. The treatment consists in (1) the removal or alleviation 
of the primary focus of infection in the kidney, bladder, respiratory tract, 
intestine, etc., and (2) measures directed to the relief of the local inflam- 
mation, such as rest, the application of heat to the region of the ureter, 
alkalies, moderate forcing of fluids, bladder irrigations, the removal from 
the diet of irritating foods, and chemotherapy— usually with one of the 
sulfonamide drugs. If the inflammation is due to an impacted stone or 
stricture, treatment must, of course, be directed to these causative factors. 

Ureleriiis Cystica 

Ureteritis cystica is a definite pathological condition characterized by 
the formation of multiple small cysts of the ureteral mucosa or sub- 
mucosa. The disease may also involve the bladder (cystitis cystica) 
and the renal pelves (pyelitis cystica) ; indeed, the lesions often appear to 
originate in the bladder and involve the ureters secondarily. The first 
mention of such a condition was made by Morgagni in 1761. Morse 
(1928) found that not more than 60 cases of pyelitis cystica, ureteritis 
cystica, and cystitis cystica, had been reported in the literature. Numer- 
ous cases have been reported sbee, and it is our impression that the 
condition is more common than the paucity of reports would indicate. 
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Etiology. The formation of these cysts has been attributed by various 
investigators to (1) central degeneration of the epithelial cell nests of 
von Brunn; (2) secretory activity of the epithelial cell nests; (3) inflam- 
matory closure of crypts in the mucosa; (4) inflammatory occlusion of 
anomalous glands in the upper urinary tract; (5) parasitic invasion 
(bilharziasis). 

Most investigators believe that the cysts originate from the epithelial 
cell nests of von Brunn, the theory advanced by von Limbeck in 1887 
and von Brunn in 1893. There are two conflicting theories, however, as 
to the formation of these cell nests, namely: (1) they are inflammatory 
in nature, and are formed by downward proliferation of the epithelium, 
or proliferation of the connective tissue upward between the epithelial 
cell nests to cut off islands of epithelial cells; (2) they are sometimes found 
in the normal urinary tract, and may occur as congenital rests. Morse, 
in 125 autopsies, found cell nests of von Brunn in 108, and in 63 there 
was evidence of inflammation, shown by lymphatic infiltration or increase 
in fibrous tissue. He believed the cell nests and buds to be inflammatory 
in nature and not normal to the urinary tract, and concluded that these 
urinary-tract cysts were formed from the epithelial cell nests by a process 
of central degeneration rather than secretory activity. The epithelial 
structure of the cysts appeared incontestable to Chevassu (1936), who 
concluded that these ureteral formations are only “exaggerations of the 
epithelial cell masses sometimes seen under the mucosa of the renal 
pelvis and of the ureter— masses which have been called ‘ureteral glands’ 
by some authors and, more correctly, ‘epithelial rests’ by von Brunn.” 

The prevailing opinion is that the alterations in the epithelium are 
inflammatory in nature, and may develop in the course of any long- 
standing chronic irritation. 

Patch (1938) inclines strongly to the view that a mctaplastic process 
is responsible for the production of pyelitis, ureteritis, and cystitis cystica, 
and that in its further development it may end in cystitis glandularis 
and even in malignancy. 

Pathology. The condition is characterized by the formation of numer- 
ous small cysts in the mucosa or submucosa. These project into the 
lumen of the ureter and may cause a constriction of the duct. The cysts 
may appear singly or grouped, are round to ovoid, and vary in size from 
that of a millet seed to that of a cherry stone. They are lined by a single 
or double layer of epithelium. In their early stages they are usually 
translucent, and contain a dear serous fluid. Later they become hard 
and grayish-yellow in color, and are filled with a yellowish-white colloid- 
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Fig. 278, Ureteritis cystica. (Christ eller.) 


like material. The masses are entirely intraureteral, and except for a 
slight dilatation at the points where the cysts are located, produce very 
little change in the external appearance of the ureter. 



INJURIES AND DISEASES OF URETER lZ-lO 

The condition has a definite tendency to bilaterality, and occasional 
cases have been reported in which the bladder, both ureters, and both 
renal pelves were involved. Stow (1907) reported a case of bilateral 
double ureters, in which each of the four ureters, from its origin to within 
4 cm. of its entrance into the bladder, was thickly studded with cysts of 
varying sizes 


" pfs ^ i 


Fic. 279. Case of uretemis and pyelitis cystica. (I) Low-power photomicrograph. ( 2 ) 
High-power photomicrograph. Note the numerous small cysts distributed over the mucosal 
lining of the ureter 

Symptoms and Diagnosis. The symptoms are not pathognomonic, 
bein" those of the underlying cause of the cystic changes — usually cal- 
cuius or chronic infection. Larger cysts may occlude the ureteral lumen 
sufficiently to cause serious obstruction. Copious hematuria is occa- 
sionally reported. The bacterial flora is quite varied in these cases, but 
without any special significance 

Prior to 1929, when Jacoby and Joelson each diagnosed a case by 
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pyelography, cases of ureteritis and pyelitis cystica were discovered only 
at autopsy or at operation for other causes. Patch (1938) was able to 
collect from the literature only 8 cases in which the diagnosis of pyelo- 
ureteritis cystica had been made clinically, to which he added 2 personal 
cases. 

The diagnosis is quite easily made by retrograde or excretory urog- 
raphy, which will show a characteristic bubbly or frothy appearance of 
the ureter through more or less of its extent, due to displacement of the 
opaque medium by the cysts. Dilatation, tortuosity, or constriction of 
the ureter is common. 

Ureteritis and pyelitis cystica are frequently associated with cystitis 
cystica; therefore, when cystitis cystica is noted on cystoscopic examina- 
tion, the upper urinary tract should receive careful investigation. 

Treatment. Treatment should be directed to the removal of the 
underlying irritative factor. 

Symptoms of obstruction, due to constriction of the ureter or blockage 
of its lumen by the bulging cysts, have been relieved in some cases by 
repeated ureteral dilatations, followed by the injection of silver nitrate, 
in a 1 or 2 per cent solution. Kindall suggests passing a large ureteral 
catheter to the renal pelvis and permitting it to remain for 3 days. This 
results in mechanical rupture of the cysts, the walls of which are highly 
friable. 

If conservative measures fail, and there is serious impairment of the 
kidney function, nephro-ureterectomy may be required. In such cases, 
very careful investigation of the contralateral kidney and ureter is neces- 
sary, because of the tendency of the cysts to be bilateral. 

Ureteritis Granulosa 

Ureteritis granulosa is an uncommon condition characterized by the 
formation of localized areas of granulation tissue in the ureteral mucosa 
and submucosa. similar to those not infrequently seen in the. bladder, 
urethra, and renal pelvis. The granulomatous areas may be merely 
slightly elevated patches upon the mucosa, but more often appear as 
polypoid growths which bleed profusely and are likely to be confused 
with malignant neoplasms. 

Etiology. The etiology has been variously ascribed to (1) the occur- 
rence of lymph tissue in the mucosa of the urinary tract (Chiari); (2) an 
accumulation of round cells (Stoerk); (3) round cells of inflammatory 
origin in conjunction with true lymph follicles (Paschkis). 
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Pathology. Granuloma of the ureter is seldom found except at opera- 
tion Or autopsy. When the ureter is opened, localized areas in both the 
mucous membrane and the submucosa will be observed. Sectioning 
and examination of these will show granulation tissue, with infiltration 
of large and small mononuclear cells, intermixed with occasional poly- 
morphonuclear leukocytes. The microscopic picture is that of a defi- 
nitely benign process, and readily differentiates the lesion from the 
malignant neoplasm that it is invariably suspected of being. 

Symptoms and Diagnosis. There are no characteristic symptoms. 
Hematuria regularly occurs, and may be profuse. The passage of dots 
may induce pain simulating renal colic. If secondary infection is present, 
the characteristic manifestations— frequency, dysuria, rise of tempera- 
ture, and chills — will be in evidence. Urinalysis is likely to show pus 
and blood, as well as organisms such as the colon bacillus and Staphylo- 
coccus aureus. These manifestations, however, are all common to 
many other pathological conditions of the urinary tract. 

Ureteropyelography can only show the presence of a pathological 
lesion in the ureter, but cannot differentiate it from the malignant one 
which is usually suspected. Malignancy must therefore be assumed 
until it is possible, usually by operation, to prove the benign nature of 
the growth. Single or multiple circumscribed filling defects, together 
with a possible ragged appearance of the ureteral edges, may suggest 
tuberculosis, but this can be ruled out by repeated urinalysis. Braasch 
was able to make a diagnosis because the affected tissue was situated 
low down in the vesical end of the ureter, where it could be detected 
cystoscopically and a piece of tissue secured with a cystoscopic rongeur- 

Granuloma of the ureter is apparently extremely rare, and its chief 
clinical importance lies in the establishing of its benign nature when 
malignancy of the 'ureter is in question. The diagnosis must therefore 
rest solely upon the pathologist's findings. 

Prognosis. The prognosis is, in general, that of other benign growths 
in this location. Any obstruction to renal drainage menaces the integrity 
of the kidney, and is, therefore, a threat to health and to life. 

Treatment. As no means of establishing a preoperative diagnosis are 
available, treatment must be symptomatic until the ureter has been 
surgically approached. Sometimes hemorrhage may be so severe as to 
exsanguinate the patient and make immediate operation imperative. 
Most of the recorded cases were treated either by excision of the affected 
part of the ureteral wall and anastomosis, or by nephrectomy. Where 
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biopsy can first be done, a good kidney may be saved, and, needless to 
say, every effort toward this end should be made. 

Leukoplakia of the Ureter 

Leukoplakia of the ureter is practically never seen except at autopsy 
or at operation for some related condition. Only a few cases primary 
to the ureter are on record. Of 152 cases of leukoplakia of the urinary 
tract reviewed by Patch (1929) 36 involved the renal pelvis, 6 the ureters, 
and 110 the bladder. Extension of vesical leukoplakia into the ureters 
appears to be exceedingly rare; but ureteral findings in cases involving 
the renal pelvis are relatively frequent. It seems probable that leuko- 
plakia affects the ureter, primarily or secondarily, more often than the 
meager data offered by the literature would suggest. 

Etiology. The etiology of leukoplakia of the urinary tract is discussed 
under Leukoplakia of the Bladder (p. 1019). 

Pathology. The lesion in the ureter consists of deposits of comified 
squamous epithelium upon the ureteral mucosa. The epithelium under- 
goes keratinization, giving it a definitely epidermoid character. In the 
ureter and renal pelvis these comified patches appear as elevated, dull, 
grayish-white membrane, their surfaces lying in well-defined rugae. 
The patches may become confluent, so that the duct appears to be lined 
in more or less of its extent with a whitish membrane, which is dissected 
free with difficulty. In one of the recorded cases autopsy showed that 
in some spots in the ureter the comification almost completely blocked 
the lumen. 

Microscopically, these comified plaques resemble normal skin, present- 
ing the typical strata observable in a section of epidermis. The connec- 
tive tissue underlying these strata shows lymphocytic infiltration, doubt- 
less produced by the inflammation upon which the lesion depends. 

From the few recorded cases it would appear that there is a definite 
tendency for the ureteral condition to be bilateral. 

Diagnosis: Prognosis: Treatment. For the diagnosis, prognosis, and 
treatment of leukoplakia the reader is referred to Leukoplakia of the 
Bladder (p. 1019) and Renal Leukoplakia (p. 1529). 

Specific Infections of the Ureter 
GONORRHEA , 

Incidence. Although involvement of the bladder neck and trigone 
is a common complication of gonococcal posterior urethritis, a general- 
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ized gonococcal cystitis is unusual and infection of the upper urinary 
tract distinctly rare. Some idea of its infrequency is gained from the 
fact that Sisk and Wear (1930) were able to collect from the literature 
only 30 authenticated cases— including kidneys, ureters, and bladder. 

Etiology. Apparently, gonorrhea infects the ureter only secondarily, 
and in most instances is an extension from a gonococcal cystitis. We 
have never seen a case where gonococcal infection could be demonstrated 
in the ureter independent of an immediately adjacent focus in the bladder. 
It is reasonable to assume that in the presence of a gonococcal cystitis 
or trigonitis infection may extend to the ureters, renal pelves, and even 
to the kidneys themselves. In cases with involvement of the upper 
tract, secondary pyogenic organisms, such as Bacillus colt and staphylo- 
cocci, are often found. 

Symptoms and Diagnosis. Such an infection is likely to be chronic 
or subacute rather than acute. Only when there is associated inflamma- 
tion and obstruction to the outflow of urine in the lower part of the 
urinary tract is there likelihood of the ureter being included in the gono- 
coccal infection, and under such circumstances the inflammation is apt 
to be bilateral. 

The symptoms of ureteral gonorrhea are not characteristic. There 
may be slight rise of temperature, and pressure on the angle formed by 
the lowest rib and the erector spinae muscle may elicit slight tenderness. 
Intermittent or constant pyuria may be present. Cystoscopic inspection 
will show the ureteral orifices to be inflamed and patulous, with a little 
pus oozing from them in most cases. 

The demonstration of the gonococcus in the ureteral discharge or urine 
sediment is sufficient to establish a positive diagnosis. This is usually 
easy in acute cases, in which large numbers are present; but in chronic 
cases, and particularly in mixed infections, identification of the gono- 
coccus may be difficult. In such cases cultures are of great value. 

Treatment. Since gonococcal ureteritis is secondary to gonococcal 
urethritis and cystitis, its eradication depends upon cure of the infection 
in the lower urinary tract (see Gonorrhea: Treatment, p. 717). 

SYPHILIS 

Syphilis of the ureter, like gonorrhea, is apparently excessively rare and 
usually a secondary invasion. Valverde (1923), however, reported a 
case of gumma in an hereditary syphilitic which he regarded as primary 
to the ureter, there being no apparent involvement of either the bladder 
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ox the kidney. No case of ureteral syphilis, either primary or secondary, 
has been observed by us; and despite the advances in knowledge of all 
phases of syphilis, and the improvements in laboratory technic, modem 
urological literature makes no mention of its occurrence. 

BILHARZIASIS 

Eilharziasis of the urinary tract is due to invasion by the parasite 
Schistosoma haematobium. The etiology, pathogenesis, pathology, 
diagnosis, and treatment of this infestation are considered at length 
under Diseases of the Bladder (Bilharziasis, p. 1030). • 

Under etiology, it is noted that the parasites mature in.the portal vein 
and the symbiotic pairs migrate to the pubic and vesical plexuses. Here 
the females lay large numbers of eggs, which are deposited, for the most 
part, in the base of the bladder and the terminal portion of the ureter. 
Although any part of the urinary tract may be affected, lesions of the 
urethra and renal pelvis are uncommon. Lesions confined to the ureter 
alone are also rare. However, in the so-called bilharzial countries, 
vesical bilharzias is very common, and in a high percentage of these cases 
there is involvement of the lower ureter. Serious complications fre- 
quently follow : stricture of the ureter, fistula, tortuosity, hydronephrosis, 
pyonephrosis, lithiasis, malignant neoplasms. 

Diagnosis of Ureteral Bilharziasis. Bilharziasis of the urinary tract 
is diagnosed mainly by (1) examination of the urine, particularly for 
ova; (2) cystoscopy; and (3) roentgenography. 

In most cases of urinary bilharziasis the urologist is first consulted 
8 to 10 years after the original infestation, at which time ova are rarely 
present in the urine. The cystoscopic appearances of the various mani- 
festations of bilharziasis have been described under Vesical Bilharziasis; 
as a rule, these are easily recognized by those familiar with the disease. 

Ureteral bilharziasis is best demonstrated by pyelography. As bil- 
harzial complications not infrequently prevent the use of the ureteral 
catheter, intravenous urography is often preferred. In some cases, 
diagnosis can be made during life only by means of roentgenograms. 
These are the so-called “closed” bilharzial infections, in which the eggs 
are deeply deposited in the submucous and muscular layers and do not 
penetrate the mucosa, so that there is absence of clinical manifestations — 
for example, hematuria and ova in the urine — and of macroscopic changes 
in the mucosa. 

Afifi (1930; 1934) called attention to “cloud-like shadows” and “calci- 



INJURIES AND DISEASES OP URETER 


1249 


fied demarcations” of the lower ureter and bladder in cases of long-stand- 
ing bilharziasis. This dense cloudy shadow is due to the ‘ ‘general thicken- 
ing of the layers of the affected part of the urinary* tract on account of 
the presence of calcified eggs regularly deposited but not of sufficient 
number or concentration to throw a denser calcareous shadow of the 
organ.” This cloudy appearance, though highly suggestive of bilharzia- 
sis, is not absolutely diagnostic, as other conditions may give it. The 
calcified demarcations, however, this author considered pathognomonic. 
They often appear in the radiogram as shadows as dense as osseous tissue, 
and may outline the ureter, bladder, or urethra. They are caused by 
infiltration of the ureter, or other part of the tract, by calcified ova. 

Vermooten (1937) pointed out another roentgenographic finding, which 
he regards as pathognomonic of ureteral bilharziasis in its later stages — 
namely, dilatation and tortuosity of the lower (pelvic) ureter associated 
with a normal lumbar ureter, normal pelvis, and normal calyces. The 
occurrence of these pathological changes he explains as follows: In 
ureteral bilharziasis the ova are usually found in the pelvic portion of 
the ureter, resulting in narrowing and obstruction of the intramural 
portion (which, for mechanical reasons, cannot dilate) and dilatation and 
tortuosity of the remainder of the infested portion (the pelvic third) while 
the uninfested upper portion remains normal. With increasing obstruc- 
tion, the entire upper urinary tract will eventually also become dilated. 
These pathological changes in the lower ureter, associated with a normal, 
or slightly dilated, upper tract, Vermooten found to be quite common, 
and, as bilharziasis is the only disease that infests primarily the pelvic 
ureter without affecting the upper portion, except in rare instances, may 
be considered as pathognomonic. 

Treatment. Treatment of bilharziasis consists of the intravenous injec- 
tion of tartar emetic or the subcutaneous administration of antimony 
tartrate (Bilharziasis, p. 1034). Late sequelae, in the ureter or bladder, 
require appropriate treatment. Nephro-ureterectomy is not infrequently 
necessary when there is extensive cicatrization and narrowing of the 
ureter with resulting hydronephrosis or pyonephrosis. 

ACTXNOUYCOSIS 

Actinomycosis rarely affects any portion of the urinary tract. Occa- 
sional cases of bladder, kidney, or bladder and kidney infestation have 
been recorded, but we have been unable to discover any instance of its 
primary occurrence in the ureter. When the spores are disseminated 
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by the blood stream, secondary infection can take place, and occasionally, 
in cases of vesical and renal involvement, the communicating ureter 
shares in the pathological process. However, it is notable that in several 
detailed autopsy reports it is distinctly stated that the ureter was entirely 
normal. In Stanton’s case, where both kidneys and the bladder were 
extensive!}' infected, the left ureter was found to be normal and the right 
contained “a thin, cloudy fluid.” 

For the diagnosis and treatment of actinomycosis, see Actinomycosis 
of the Bladder (p. 1035); of the Kidney (p. 1525). 

ECHINOCOCCUS DISEASE 

Echinococcus disease (hydatid disease) of the urinary tract is rare, 
and is confined chiefly to the kidney (Echinococcus Disease of the Kidney, 
p. 1520). A few cases of hydatid cyst originating in the renal pelvis and 
extending into and obstructing the ureter have been reported. 

In Escat’s case the cyst undoubtedly originated in the renal pelvis and 
extended into the ureter. The patient was pregnant when it was first 
discovered, but with great care she was carried to full term. Later, the 
kidney was taken out, but microscopic examination indicated that the 
infestation had always been confined to the pelvis, whence the cyst had 
ruptured and poured its contents into the ureter. In the case of Delan- 
glade (cited by Escat) there was a hydatid cyst "about as big as an egg” 
obstructing the left ureter and the passage of numerous daughter cysts 
from the other ureter. It was apparently assumed that all the cysts 
originated in the renal pelves. 

TUBERCULOSIS OE THE URETER 

Etiology. It is commonly accepted that only secondarily is the ureter 
infected by tuberculosis Recently, however, Ljunggren and Wahlgren 
reported the case of a 17-year-old girl in whom no focus elsewhere in the 
urogenital tract could be found. The patient had a bilateral pulmonar}' 
infection, and the authors believe the ureteral infection to have been an 
instance of direct hematogenic origin, though they admit that the case 
also offers support to the theory' of “tubercle baciHuria” — that is, the 
excretion of the infecting organisms through an anatomically intact 
kidney. A few other cases of supposedly primary' ureteral tuberculosis 
have been reported, but the lesion is very rare and of slight clinical im- 
portance in comparison with tuberculous ureteritis that is secondary to 
a focus in the kidney or part of a generalized urogenital tuberculosis. 
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It is, of course, probable that, granting that tuberculosis of the kidney 
arises from hematogenous infection, a primary focus can be implanted in 
the ureter in the same way. Against this theory of blood-borne infec- 
tion, however, is the great preponderance of unilateral cases of renal and 
ureteral tuberculosis, lending weight to the belief that tuberculosis of 
the ureter most commonly is a descending infection from a focus in the 
kidney which it drains. Tubercle bacilli are carried down from the 
kidney and implant themselves upon the ureteral mucosa, producing 
the characteristic tuberculous lesions. Where the kidney has been 
diseased for a considerable period of time, the ureter is likely to partici- 
pate in the tuberculous infection. Sometimes, however, one sees pa- 
tients with extensive lesions in both the kidney and bladder in whom 
the ureter is free of disease. 

While descending infection from the kidney is probably the etiological 
factor in most cases, the ureter way also become involved by extension 
through the lymphatics or by continuity from the bladder below. Tuber- 
culous cystitis may impair the integrity of the ureterovesical “valve” 
permitting urinary reflux and the implantation of tubercle bacilli in the 
ureteral wall. 

Pathology. With invasion of the ureteral mucosa by tubercle bacilli, 
tubercle-formation takes place, the process later extending to the muscu- 
laris and periureteral tissues, resulting in narrowings and even strictures. 
Later, caseation takes place, with occlusion of the lumen by caseated 
material; and still later the entire ureter may be transformed into a solid 
fibrous cord with a non-functioning kidney above. 

In later stages of the tuberculous process the ureteral changes may 
be diffuse and involve the entire duct; but the initial involvement is 
usually at either the vesical or the pelvic end, nearest the source of 
infection. 

Symptoms: Diagnosis: Treatment. For the symptoms, diagnosis, 
and treatment of ureteral tuberculosis the reader is referred to Tubercu- 
losis of the Kidney (p. 1487). * 

Urography is frequently of great assistance in making a diagnosis. 
Calcium deposits occur less frequently in the ureter than in the kidney, 
but when present, may involve a considerable portion of the duct — 
often the lower portion. The shadow may be several centimeters in 
length and outline the dilated ureter to a greater or less extent. The 
shadow is caused either by calcareous deposits in the thickened wall 
of the ureter or by deposits in the ureteral lumen. There is often a peri- 
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ureteral infiltration which, together with the thickened ureter, will cause 
a tumor mass that frequently can be palpated on rectal or vaginal ex- 
amination. 

Tumors of i he Ureter 

Tumors — benign or malignant — arising primarily from the mucous 
membrane of the ureter are uncommon. 

Secondary tumors of the ureter are much more common. The most 
frequent are implantations from an original papillary carcinoma of the 
renal pelvis, but the ureter may also be involved by dissemination of 
tumor from the bladder, or by direct extension of cancer from a neighbor- 
ing organ — most commonly the cervix, bladder, or sigmoid colon. Sec- 
ondary involvement from blood stream or lymphatic metastases also 
occurs. 

PRIMARY TUMORS OF THE URETER 

Etiology. The etiology of primary tumors of the ureter is obscure, 
but it is probably closely related to that of vesical tumors. Etiological 
factors that have been suggested are: (1) leukoplakia with malignant 
metamorphosis; (2) cell inclusions occurring during embryonal develop- 
ment and adult life; (3) chronic inflammatory irritations; (4) benign 
hyperplasia of the mucous membrane; (5) mechanical irritation, particu- 
larly that due to calculus. In a considerable number of the recorded 
cases of malignant tumor, and in several cases of benign tumor, there 
was coexisting calculus, and stone is regarded as an important etiological 
factor in tumor development. 

Pathology and Incidence. Histologically, primary tumors of the 
ureter correspond exactly to those of the bladder and renal pelvis. The 
most common types are papillomas — benign and malignant. Squamous- 
cell carcinomas are rare, highly malignant, and more apt to be associated 
with stone. A few sarcomas have been reported. 

Primary benign tumors are even rarer than malignant neoplasms. In 
a comprehensive review of thdWiterature in 1932, Melicow and Findlay 
were able to collect only 28 acceptable cases, to which they added one 
of their own. Four of these were fibromas; the remainder papillomas. 

Although the marked progress in the technic of urological diagnosis 
and the tendency toward more frequent and careful autopsies have 
resulted in the finding of primary carcinoma of the ureter with ever- 
increasing frequency during recent years, this form of neoplastic disease 
must still be ranked as relatively rare. Only 1 case of proved primary 
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Fig. 280. Polyps of the ureter, w ith slight hydronephrosis. {Courtesy of Dr. Marion, 
Service Civialc, Hdpitalc Lariboisierc, Paris.) 

ureteral cancer was found in 22,810 autopsies performed at Bellevue 
Hospital (New York) from 1904 to 1935, and up to 1930 no case had 
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been observed at the Memorial Hospital (New York) in a study of 
16,565 malignant tumors. The case reported by Snyder and .Wood in 
1933 was the first ever seen at the Massachusetts General Hospital, one 
of the oldest institutions in the country. Foord and Ferrier (1939) 
estimate that about 1 per cent of carcinomas of the upper urinary tract 
originate in the ureter. The majority of these are papillary carcinomas. 

The first reported case of primary carcinoma of the ureter, with micro- 
scopic diagnosis, was that of Wiesing and Blix, recorded in 1878. Albert 
M. Crance, reporting an interesting case of primary carcinoma (epi- 
thelioma) in 1924, was able to find only 27 previously recorded cases. The 
literature has been thoroughly gone over a number of times in recent 
years. Excellent reviews were made by Kretschmer (1924), who re- 
ported 36 cases; Player (1928); Rousselot and Lamon (1930), who found 
50 cases; and W. W. Scott (1934), who found 59 cases and added 2 more. 
Scott’s report is particularly valuable for its study of the remote results. 
The 61 cases reviewed by him were classified, histologically, as follows: 


Type of Growth (Original Diagnosis): 

Papillary carcinoma 
Squamous-cell carcinoma 
Medullary carcinoma 
Solid carcinoma 
Carcinoma simplex 
Adenocarcinoma 
Cylindrical cell carcinoma 
Transitional-cell carcinoma 


. 36 
. 9 
. 7 
. 3 
3 
1 
1 
1 


Schillings and Sondervorst (1936) tabulated 113 cases of primary malig- 
nant tumors and added 2 of their own. Foord and Ferrier (1939) added 
10 cases from literature which had never been included in previous com- 
pilations and 6 of their own. During the past 5 years the reported cases 
have been fairly numerous, and the volume of literature is at present 
quite formidable. Approximately 160 cases of primary malignant tu- 
mors of the ureter have been reported to date. 

In view of the structure and function of the ureter, it is inevitable that 
any type of ureteral neoplasm should rapidly cause urinary obstruction, 
with the regular accompaniment of dilatation, hydronephrosis and infec- 
tion, and eventual destruction of the involved kidney, and such is the 
case with the majority of ureteral tumors. 

Generalized metastases by way of the blood stream occur fairly early. 
The liver, lungs, and bones are the structures usually involved. The 
tumor may involve the retroperitoneal vessels, seminal vesicle, bladder, 
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and other nearby structures by extension. Implantation may occur 
into the remaining portion of the ureter or the bladder. 

Both benign and malignant tumors occur with about equal frequency 
in the fifth, sixth, and seventh decades of life, and are seen more fre- 
quently in men than in women. The right ureter is involved slightly 
oftener than the left. In almost three-fourths of the recorded cases of 
primary tumor the growth involved the lower ureter. Occasional cases 
have been seen where both the upper and lower ureter contained papillo- 
matous growths, with no apparent involvement of the intervening 
portion. 

Symptoms. The chief symptoms of ureteral tumors — hematuria, pain, 
and a palpable tumor mass — are not in the least pathognomonic. 

Hematuria is the earliest and most striking symptom, occurring in 
three-fourths of all cases of both benign and malignant tumors. The 
bleeding is at first intermittent and slight in amount, but as the growth 
develops the hematuria occurs more frequently and increases in amount. 
Worm-like clots may be passed, and profuse hemorrhage is not uncom- 
mon — particularly upon the passage of a ureteral catheter. 

Pain'is the next most prominent symptom, occurring in over 65 per 
cent of cases. Due to early occlusion of the ureteral lumen by the 
growth, hydronephrosis is an early complication. In many cases pain 
is due to the presence of a hydronephrotic kidney, and consequently 
takes the form of a dull constant ache in the kidney region. In an ad- 
vanced stage of the disease, when there may be invasion of the pelvic 
nerves, the pain may be referred to the sacral and lumbar regions, thigh, 
or hip The passage of clots may produce an acute colic. Benign 
tumors are in themselves painless, and pain, when present, is almost 
always due to a progressive hydronephrosis. 

The tumor itself is generally not palpable, although there have been 
cases in which the growth could be palpated on either abdominal, rectal, 
or vaginal examination. In almost one-half of the recorded cases, how- 
ever, there was a palpable mass due to a hydronephrotic kidney. 

Urinalysis usually shows pus and red blood cells, and examination of 
the centrifuged sediment may disclose atypical cells or detached papil- 
lomatous villi. 

Diagnosis. The positive diagnosis of ureteral tumors may be very 
difficult, and when made, usually depends on the history and physical 
examination, cystoscopy, ureteral catheterization, and pyeloureterog- 
raphy. Even with these diagnostic aids, a ureteral tumor is easily over- 
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looked since calculus, stricture, hydronephrosis, or pyonephrosis fre- 
quently is associated. 

Cystoscopic inspection may give valuable information (1) by demon- 
strating the side from which the bleeding occurs, or (2) by showing the 
tumor protruding through the ureteral orifice, or secondary implants 
close to the ureteral orifice, suggesting the presence of a primary tumor 
higher up. 

Ureteral catheterization nearly always suggests the diagnosis, as in a 
majority of cases the catheter’s tip is stopped or obstructed when it 
reaches the tumor. Persistent, profuse bleeding after a catheter has 
met an obstruction in the ureter should lead one to suspect a ureteral 
neoplasm. However, calculus, trauma, and infection must be ruled out. 

While ureterograms are not sufficiently characteristic to enable one 
to make a diagnosis of ureteral neoplasm by this means alone, the 
information they yield is frequently very valuable when added to the 
evidence in favor of such a diagnosis obtained from the history, physical 
examination, and cystoscopy. In cases in which calculus and traumatic 
or tuberculous stricture have been ruled out, a ureterogram showing 
an obstructed ureter, with dilatation above the point of obstruction and 
an enlarged kidney pelvis with no filling defects such as those seen in 
primary carcinoma of the renal pelvis or parenchyma, suggests the pos- 
sibility of primary tumor of the ureter. This is especially true if there 
has been a history of hematuria and if, on cystoscopic inspection, there is 
profuse bleeding from the involved side following ureteral manipulation. 

Because of the very high mortality of ureteral tumors in the later 
stages, and the relatively early occurrence of metastases, exploratory 
operation would seem to be justified in cases in which the diagnosis is 
strongly suspected but cannot be proved. 

Prognosis. Radical operation has proved the only effective treat- 
ment; but the prognosis is poor, even in the relatively favorable cases. 
In the series of cases reported by Scott, the primary mortality was 27 
per cent, and of the cases followed over a long period only 2 patients were 
well 5 years after operation. A. W. Hunter has subsequently reported 
another case in which the patient survived operation for papillary car- 
cinoma for 6 years, death being due to a colloid cancer of the stomach. 
These are the only five-year cures that have been reported. All 3 cases 
were correctly diagnosed preoperativcly. Nephro-ureterectomy was 
performed in the first, and second cases, and ureterectomy in the third. 

Benign ureteral tumors, like those occurring in the bladder, offer a 



INJURIES AND DISEASES OF URETER 1257 

definite threat to life since they carry with them a strong probability of 
later malignancy and metastases which are rapidly fatal. Even if, histo- 
logically, they retain their benignant characteristics, their presence in 
the ureter will, in most cases, eventually cause hydronephrosis, with 
destruction of the kidney. 

Treatment. The treatment of choice is complete surgical removal. 
Deep x-ray and radium therapy have been tried in a very few cases, but 
thus far have proved of little value. 

The choice of operation depends upon the location and extent of the 
tumor and the condition of the patient. If the tumor is small and situ- 
ated close to the bladder, and if the possibility of implants to other por- 
tions of the duct can be definitely ruled out, and the kidney is worth 
saving, the involved portion of the ureter may sometimes be resected 
and the remaining segment reimplanted in the bladder wall. In the 
majority of cases, however, complete nephrectomy and ureterectomy 
offers the only certain means of removal and should be done, provided 
the opposite kidnej' is functioning satisfactorily and the patient’s condi- 
tion permits. Upon the patient’s general condition, as evidenced by the 
preoperative study, must be based the decision as to whether to perform 
a primary nephro-ureterectomy, or to remove either the kidnej' or 
ureter first and the remaining organ as soon as the patient’s condition 
permits. Whether or not there is involvement of the bladder wall 
near the ureteral orifice, this area should be removed with the ureter, 
together with a margin of healthy tissue. 

If the opposite kidney is not functionally capable of carrying on alone, 
ureterectomy with the performance of a permanent nephrostomy is 
probably the wisest choice. 

Diverticulum oj the U refer 

Diverticulum of the ureter is very rare (23 cases to 1936, Campbell), 
and has received scant consideration in the literature. 

Etiology. Ureteral diverticula may be either congenital or acquired. 

Congenital diverticulum, which may occur anywhere along the course 
of the ureter, is the rarest type (9 cases to 1936, Brown). A bifurcation 
with a blind ending may simulate it, and some of the reported cases are 
really cases of ureteral bifurcation. The etiological factor in the produc- 
tion of this type is evidently the failure of a portion of the ureteral bud 
to join with its metanephrogenic cap. Congenital divertula are more 
likely to assume the shape of the ureter, simulating an appendix in ap- 
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pearance and size, whereas the acquired type is usually globular in out- 
line. 

Acquired diverticulum has been described as a “blow-out formation" 
consequent to blockage of the ureter distal to the diverticulum. Due to 
some inflammatory condition the ureteral wall is weakened, causing it 
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ric 2Sl Bilateral diverticula of the ureters, view of the posterior surface of the bladder. 
(Courtesy of Dr Marion.) 

to stretch and undergo sacculation when some unusual strain or pressure 
is exerted at the point of weakening It may or may not be accompanied 
by the formation of stones in the ureter. The rarity of acquired diver- 
ticula may be accounted for. in part at least, by the fact that intra- 
ureteral pressure is normally quite low. Most of the recorded cases 
showed the sac in the lower third of the ureter, just proximal to the urc- 
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teral orifice. The condition has been frequently confused with uretero- 
cele, but the two lesions are distinct entities and should not be classed 
as variations of the same pathological condition. 

Symptoms and Diagnosis. The diverticulum may help to perpetuate 
an existing urinary infection, in which case the clinical picture will be 
that of a chronic pyelitis; or it may compress the ureter, resulting in 
dilatatioh of the proximal portion, when there is likely to be pain in the 
loin. 

Advances in ureteropyelography, particularly by the retrograde 
method, permit the diagnosis of these pockets with greater accuracy'. 
If the diverticulum contains calculi, they will usually be visible in the 
plain x-ray film. Occasionally, the passage of a ureteral catheter will 
demonstrate the presence of the sac, but unless the orifice is large, the 
tip of the instrument is likely to pass by it without opposition. 

Treatment. In a few cases the mere passage of instruments for diag- 
nostic purposes, or systematic dilatation of the diverticular orifice, has 
served to effect symptomatic relief. 

In most instances, however, it has been necessary to resort to surgery. 
Excision of the sac and suturing of the defect in the wall is usually 
advisable. In one case, where the sac was located just behind the blad- 
der to the left of the ureteral orifice, the sacculated ureter was exposed 
through a median incision over the pubis, the diverticulum excised, and 
the cut edges of the ureter sutured directly to the bladder mucosa. The 
result was excellent. 

If the diverticulum is near the vesical end, the ureter may be cut off, 
and, after the diverticulum has been resected, the healthy ureter above 
reimplanted into another part of the bladder. This assumes, of course, 
that it is possible to do this without undue stretching of the ureter to 
insert it into its new opening in the vesical wall. 

Ureteral Calculus 

Sex and Age Incidence. In practically all large series of cases of 
ureteral stone that have come to our attention, as well as in our own 
series, the frequency of occurrence in males is considerably greater than 
in females, the preponderance being in a ratio variously estimated at 
from 2 to 1 to as much as 4 to 1. Even allowing for the fact that many 
cases of ureteral stone in women are treated in gynecological services, 
'it is indubitable that men are more often sufferers from this con- 
dition than women. 
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As regards age, the great majority of patients are between 20 and 50 
years of age. No age is wholly exempt — ureteral stones having been 
found in an infant of 6 months and in the very aged — but in the Western 
Hemisphere, at least, cases in infants and children are rarely encoun- 
tered today. 

Etiology. It is the generally accepted belief that most calculi found 
in the ureter form in the kidney and then pass down the ureter. ' Hunner, 
however, believes that calculi are formed primarily in the ureter, and 
contends that it is the existence of stricture which provides lodgment 
for the particles which form the nucleus of the stone. Others have argued 
that the stricture is the result — not the cause — of the stone, which origi- 
nates in the kidney and migrates downward until it becomes too large 
to progress further. It is quite possible that both of these explanations 
are correct. Certainly, stricture and obstruction of the ureter would 
offer favorable conditions for the formation of stone directly at the site 
of the constriction. If the area becomes infected, there is still greater 
likelihood of stone-formation or rapid increase in the size of one al- 
ready begun. 

Many theories as to the cause of urinary calculi have been advanced, 
none of which is universally accepted. These have been discussed under 
Renal Calculus (p. 1584). The more important etiological factors are 
infection, stasis, a diet deficient in vitamins A and D, and faulty 
metabolism. 

Types of Stone. Three main types of stone are found in the ureter: 
calcium oxalate, calcium phosphate, and uric acid stones. Most stones 
are of mixed composition, but usually there is a preponderance of one 
component. If the urine is sterile, calcium oxalate will usually predomi- 
nate, but where urinary infection exists, phosphatic stones are more likely 
to be found. “Pure*' uric acid stones are much less frequent in the 
upper tract than in the bladder, and the urologist is not often called 
upon to deal with them because, as a rule, they are small and smooth 
and pass without giving rise to distressing colic. The oxalates are the 
most opaque of the ureteral stones, but a large percentage of ureteral 
calculi can be demonstrated by plain x-rays. 

Pathology. Stones are usually found singly in the ureter, but about 
10 per cent are multiple. Bilateral stones arc rarer than in the kidney. 

If a stone is arrested in its progress down the ureter, it will give rise to 
certain special urological problems, such as diverticulum-formation at 
the site of impaction, or dilatation of the lumen above the stone, 
causing hydronephrosis or pyonephrosis; or it will induce back pressure 
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upon the kidney pelvis, with almost inevitable infection. The mucous 
membrane above the site of impaction becomes congested, and this will 
usually cause a hematuria, which alarms the patient and impels him 
to seek medical acid. Once the continuity of the epithelial lining has 
been broken, infection readily gains entrance. 

The severity of the damage is not always proportionate to the size of 
the stone. A small, obstructing stone may produce greater damage 
than a large one which causes the ureter to dilate around it, permitting 
drainage of urine alongside it. Calculi have not infrequently remained 
in the lower third of the ureter for long periods of time without causing 
serious injury to the upper tract. These have had grooves in them 
through which the urine passed, or the urine drained around them. 

Some very large ureteral stones have been reported — one (Goldman, 
1932) being 18 cm. long and weighing 132 Gm. 

Symptoms. The symptoms of ureteral calculus vary according to 
(1) the degree of obstruction, (2) the extent of infection, and (3) the 
condition of the kidney. 

By far the most frequent symptom of ureteral calculus is pain. The 
pain may be due either to intrarenal tension as a result of the ureteral 
obstruction, or it may be evidence of an inflammatory process which 
follows localization of infection at the point of lodgment of the stone, 
or higher up in the blockaded urinary tract. Pain, located by the patient 
in the renal area, w T ill therefore often be due to a stone in the ureter 
rather than to one in the renal pelvis. 

Usually the pain is of a colicky character. The passing of a renal 
calculus into or through the ureter causes excruciating pain, frequently 
accompanied by hematuria and, in the infected cases, by the constitu- 
tional manifestations of urosepsis. The colic is due to the peristaltic 
contractions by which the ureter attempts to expel the foreign body. 
The pain originates in. the renal region and radiates along the course of 
the duct into the groin. It is frequently agonizing, and may even cause 
the patient to go into shock, evidenced by sweating, pallor, fall in blood 
pressure, etc. When the stone is impacted high in the ureter, nausea 
and vomiting may be prominent features. When impacted in the middle 
third of the duct, the calculus may induce pain at the end of micturition — 
in the male often centering at the tip of the penis, in the female in the 
labium majorum of the affected side. If the stone is impacted low down 
in the ureter, the pain may be referred to the testicle, which will be found 
tender on palpation. Both sexes may experience pain on coitus. 

Hematuria is common. It is frequently the first symptom to attract 



the patient’s attention, as the calculus may injure the delicate mucous 
membrane sufficiently to cause bleeding even before impaction takes 
place. Pus, albumin, and bacteria arc also found in the urine. While 
these are not, of course, pathognomonic signs of calculus, in conjunction 
with the other findings they should lead to a correct diagnosis. 



An impacted calculus may cause a complete obstructive anuria on the 
affected side, with or without reflex anuria on the other side. 

Diagnosis. The diagnosis is based upon the history, physical exami- 
nation, urine examination, renal function tests (to determine the extent 
of damage to the kidney), cystoscopy and ureteral catheterization (wax- 
tipped catheter), and roentgenography. 

A complete history is important, since the duration of symptoms has 
a direct bearing, as a rule, on the treatment. A patient suffering from 
an initial attack of renal colic is usually treated much more conservatively 
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than one who gives a history of repeated attacks of acute ureteral 
obstruction. 

Seldom are any but the largest stones detectable by palpation. A 
ureteral calculus can sometimes be felt through the rectum or vagina, 
however, and should always be sought by palpation of these passages. 

Routine urinalysis will disclose the presence of blood, pus, albumin, 
and bacteria, if these are present. 



Fig. 283. Wax-bulbed catheter showing a typical scratch from contact with a stone in 
the ureter. This method is of inestimable value in detecting the presence of uric acid or other 
non-sbadow-casting calculi in cither the ureter or the kidney 

Cystoscopic inspection will usually give definite evidence of the pres- 
ence of a stone which is located at or near a ureteral orifice. Even when 
the stone is some distance up the duct, there may be a certain amount of 
rigidity of the orifice; or there may be pouting of the orifice, suggesting 
ureterocele. If the stone is in the intramural portion of the ureter, 
there will be swelling and edema, sometimes accompanied by hemor- 
rhage. The amount of urine issuing from the opening may vary from 
none at all to a normal output. The functional ability of each side 
should be tested by the usual methods. 

Attempts should always be made to catheterize both sides, but in the 
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affected ureter the tip of the instrument will usually be stopped by the 
stone. Sometimes, however, the catheter passes the calculus without 
the least sense of obstruction. 

The wax-bulbed catheter is the most accurate method of diagnosis for 
ureteral stones which fail to show in the x-ray, but great care must be 
exercised to make sure the scratches on the catheter arc made by 
the stone. 

Radiography is the most valuable aid at the urologist’s command for 
the diagnosis of ureteral stone, and the one upon which he places his 
main reliance. There are three types of radiographic investigations 
that may be carried out in suspected cases: plain roentgenography, 
retrograde pyelo-ureterography, and excretion urography. 

Unless composed of urates or uric acid, a large percentage of ureteral 
calculi can be demonstrated by plain x-rays. False shadows, cast by 
phleboliths, bowel contents, warts on the skin, artifacts in the plates, 
etc., must be ruled out. Jr women suffering from a stricture in the 
abdominal portion of the ureter, complicated by calcified glands in the 
broad ligament of the same side, the calcified glands may be confused 
in the film with ureteral stones. Such a strictured, calcified area is 
probably an acquired condition and due, as a rule, to a previous inflam- 
matory process. 

A plain roentgenogram and a urogram should be made to determine 
the exact location of the stone in the ureter. It is also necessary to learn 
from the x-ray study the dimensions and shape of the stone, whether 
there is dilatation or infection of the affected ureter and the associated 
kidney, and the function of the kidney. One should determine whether 
there is any congenital variation present in the patient suffering from 
ureteral calculus, since stenosed orifices, ureteroceles, and congenitally 
strictured ureters increase the difficulty of instrumental extraction of 
calculi. 

In cases seen early, excretion urography serves admirably; but if the 
obstruction has been long continued, so that there has resulted serious 
injury to the kidney and impairmentof its function, the opaque medium 
will not be eliminated in sufficient quantity to cast a shadow. 

When retrograde pyelography can be done, it will usually be found the 
most accurate method of detecting ureteral stones. By its use, most 
stones in the ureter may be located, the amount of obstruction they are 
causing accurately estimated, and the extent to which the ureter and 
pelvis are dilated above the Impacted stone well visualized. 
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Differential Diagnosis. Ureteral calculi often give rise to symptoms 
which are erroneously attributed to other organs — the gall-bladder, 
appendix, colon, and the pelvic organs of women especially. It is here 
that cystoscopy and roentgenography prove so valuable. 

Prognosis. The prognosis depends upon the state of the urinary tract 
above the stone at the time the patient first comes under treatment. If 
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Fic. 284. Photograph of 18 stones removed from a ureter. These evidently formes! in 
the calyces of the kidney, and sudden dilatation of the ureter and pelvis caused them to be- 
come dislodged and to pass into the dilated ureter, whence they were removed by ureterotomy. 

a stone is discovered early and removed promptly, whether by open 
operation or by cystoscopic methods, the prognosis is regularly good. 
But if the function of the associated kidney is already seriously impaired, 
or there is pronounced hydronephrosis or pyonephrosis, or if, in addition 
to renal impairment, there is dilatation and permanent thickening of the 
ureteral wall from back pressure, stasis, and infection, the chances of 
saving the kidney are poor. 

The prognosis should always be guarded. Recurrence is likely in any 
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case, irrespective of the treatment, unless the basic cause of the stone- 
formation can be removed. The reports vary so widely that it is impos- 
sible to estimate the average of recurrence in ureteral stone. 

Treatment. Many ureteral stones will pass spontaneously, while the 
majority requiring treatment can be dislodged by cystoscopic maneuvers. 
The removal of an obstructing ureteral calculus presents the surgeon 
with a problem calling for the exercise of his very best judgment because 
of the man)’ factors that require consideration. 



tesy of Dr \Ifred T Osgood ) 

There are no set rules for the treatment of ureteral calculus. It should 
be emphasized, however, that persistent and heroic measures to remove 
a stone cystoscopically, with too long a postponement of surgery, may be 
at the expense of extensive and permanent damage to the obstructed 
kidney or even loss of the patient’s life. The following factors should 
be considered in determining the proper management of each case.* 

(1) The size of the stone. It is the prevailing opinion that stones 
larger than 1 cm. should be removed by ureterolithotomy rather than by 
cystoscopic manipulation. The larger the size, the less likely is it that 
manipulative efforts will succeed. Fortunately, the great majority of 
ureteral stones are of smaller size. 
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(2) Location. The position of the stone in the ureter, and the probable 
length of time it has remained in this position, are of first importance 
in the choice of treatment. A stone located in the lower third of the 
ureter is decidedly more amenable to manipulative removal than one 
lodged farther up. If the stone is located higher up, and is less than 
1 cm. in diameter, expectant treatment may be employed for a few days 
in the hope that it may progress into the more favorable pelvic portion 
of the duct. Calculi more than 1 cm. in diameter, above the pelvic 
brim, usually require ureterolithotomy. 

(3) Duration of symptoms. A patient under treatment for a first 
attack of renal colic is usually treated much more conservatively than 
one who gives a history of attacks occurring over a period of weeks or 
months. If the onset is recent, expectant treatment for a few days 
may be followed by the spontaneous passage of a stone 

(4) The condition of the kidneys. The condition of the associated 
kidney (the extent to which it has been affected by obstruction and 
infection) and the condition of the opposite kidney (its functional ability, 
and whether or not it shows stone or associated pathology) will influence 
the decision as to whether immediate surgery is necessary or it is safe 
to delay while attempts are made to remove the stone cystoscopically. 
When infection is acute and severe, in the presence of an obstructing 
calculus, prompt surgical interference, with the establishment of free 
drainage, may become a life-saving measure. Infection may become 
acute and spread rapidly following unsuccessful manipulative efforts, 
rendering surgery necessary. 

(5) The general condition of the patient. This should be carefully 
weighed in connection with other factors before deciding upon the plan 
of treatment Distinctly toxic patients should be handled with caution 
and concern. If a catheter cannot be passed, or if catheterization is not 
at once followed by improvement, nephrostomy should immediately 
be performed irrespective of the size or location of the stone. 

(6) Anuria. Total anuria, due to obstruction of a solitary kidney or 
of both ureters by stone, requires immediate nephrostomy unless it is 
possible to negotiate the obstruction by an inlying catheter. 

The treatment of ureteral stone is: (1) symptomatic, (2) expectant, 
(3) instrumental, (4) surgical. 

Symptomatic Treatment. There is no pain more agonizing than that of 
acute ureteral or renal colic, and it can be relieved only by morphine or 
one of its derivatives. When the pain is intense, morphine in 0.015 Gm. 
(0.25 gr.) doses is the drug of choice; when it is moderate, codeine in 0.06 
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Gm. (1 gr.) doses is advisable. If sedatives are not immediately available 
or are for any reason contraindicated, temporary relief will usually be 
obtained by putting the patient in a very hot bath. If the obstruction 
causes only backache, a hot water bottle or heating-pad applied to the 
affected loin will be comforting. 

. Expectant Treatment. In cases where the patient is experiencing his 
first attack of renal or ureteral colic, or is known to have successfully 
passed ureteral stones, the medical attendant is justified in using ex- 
pectant treatment, which implies watchful waiting for spontaneous de- 
livery of the stone. This should not be done unless it has been demon- 
strated by functional tests and pyelography that the kidney is not suf- 
fering from the effects of back pressure, and that the condition of the 
lower urinary tract is such that it can be depended upon to cooperate in 
the spontaneous expulsion of the stone. The treatment consists of forced 
fluids, the use of urinary antiseptics, and atropine sulphate at intervals 
to relax the ureteral musculature. Expectant treatment is very easily 
carried beyond the limits of safety to the patient, and requires that the 
patient be closely observed. 

Instrumental Manipulation. When the size and location of the stone, 
and the condition of the kidneys and the patient justify it, every effort 
should be made to remove the stone through the cystoscope. Manipu- 
lations are not without risk, however, and the contraindications to this 
method will be considered in a moment. 

The principles employed are dilatation, lubrication and anesthetiza- 
tion of the ureter, and dislodgment, grasping, or crushing of the calculus. 
The various types of instrumental manipulation may be divided as 
follows: 

(1) The insertion of a ureteral catheter above the stone for the purpose 
of drainage, to relieve back pressure and combat infection. The catheter 
is left in position and in cases with markedly diminished function the 
degree of improvement following adequate drainage will determine 
the future course. 

(2) Dilatation of the ureter: (a) by the insertion of an inlying ureteral 
catheter; (b) by passing bulbed catheters and bougies of increasing sizes; 
(c) by the use of multiple catheters to form a mesh , if several can be simul- 
taneously passed behind the stone; (d) by the use of special dilators for 
the mechanical dilatation of the ureteral lumen and orifice. Dilatation 
of the ureter, and dislodgment of the stone by manipulation with the 
tip of the catheter or a bougie, will result in expulsion of many calculi 
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lodged in the lower third of the ureter. Sometimes a stone will have been 
lodged in a position near the vesical orifice long enough to have caused 
considerable dilatation of that portion of the ureter just above the impac- 
tion. If the calculus can be pushed back up the ureter into the dilated 
portion, catheters or bougies of increasing caliber may be introduced 
into the portion formerly occupied by the stone. Thus, by gradual 
dilatation, the lower lumen will be widened sufficiently to permit peri- 
staltic action to push the stone through the dilated portion into the 
bladder. 

(3) Lubrication by the injection of sterile oil or glycerine above the 
stone. This is usually used in conjunction with a local anesthetic, which 
will cause the ureteral musculature to relax. 

(4) Extraction with one of the numerous special extractors, forceps, 
or snares. Most of these can be used with safety only in the lower third 
of the ureter. (The safest and most useful stone “extractor” is the 
ureteral catheter assisted by the instruments ordinarily used to dilate 
the ureter and its meatus.) When the stone presents at the ureteral 
orifice it is easily removed with the Lowsley or Kirwin grasping forceps. 

The procedure of passing multiple catheters and leaving them in 
from 24 to 72 hours (first advocated by Bumpus) has at least the value 
of safety. The catheters should be twisted around each other in an 
effort to ensnare the stone. The ureter and pelvis are distended with 
water or oil at the time of withdrawal of the catheters. 

(5) Enlargement of the ureteral orifice by cystoscopic scissors or the 
fulguration tip. Most low ureteral stones can be made to pass by ure- 
teral dilatation and manipulation, provided the ureteral orifice is incised 
to accommodate the diameter of the stone. 

(6) Crushing of the stone with the rongeur or stone forceps. 

As shown above, instrumental removal is contraindicated when the 
stone is large, or firmly impacted, or complicated by serious renal changes 
due to back pressure or infection. There are certain patients who tol- 
erate cystoscopic manipulations poorly and whose reactions to them are 
severe. In patients of this type operation must be done at once. 

Surgical Treatment : The surgical treatment of ureteral calculus con- 
sists of (1) removal of the stone (ureterolithotomy) and (2) treatment of 
the renal complications arising from long-standing ureteral obstruction. 
These complications must be considered when surgical methods of remov- 
ing ureteral calculi are carried out. 

A pyonephrotic kidney or a permanent ureteral fistula may make 
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nephrectomy or ureteronephrectomy imperative. Many kidneys with 
milder degrees of pyonephrosis and less extensive destruction of tissue 
will return to a surprisingly good functional state once the obstruction 
is removed and drainage re-established. The choice between radical 
and conservative surgery of the hydronephrotic kidney likewise depends 
upon the extent of the renal impairment and the condition of the other 
kidney. Occasionally, total anuria or some other complication will neces- 
sitate an emergency nephrostomy with postponement of removal of 
the stone until the patient’s condition has improved. 

Ureterolithotomy should be performed when impacted calculi show no 
tendency to descend after expectant or manipulative treatment. Sur- 
gery is usually the only resort in cases where the stone has lodged in one 
spot for a long time, so that periureteral thickening and partial stricture 
have already occurred. If a diverticulum has formed, this must usually 
be resected. Cystoscopic manipulation should not be continued when 
evidence of increasing renal damage is apparent, or in the presence of 
unrelieved pyelonephritis. 

The surgical removal of ureteral calculi is discussed under Operative 
Treatment of the Ureter (p. 1320). 

After-care. An attempt to assess the etiological factors should be 
made in every case, in an effort to diminish recurrence by attention to 
the causative or predisposing factors. There is much still to be learned 
as to why stones form and what steps will prevent a recurrence. Evi- 
dence points, however, to stasis, infection (focal or local), metabolic 
disturbances such as hyperparathyroidism, and deficiency of vitamins A 
and D as being factors of importance. Close attention to these points 
will result in a reduction in recurrent renal and ureteral stone. The 
chemical composition of stones should be studied with the view of cor- 
recting faulty metabolism. 

Obstructive Conditions oj the Ureter and Ureieropelvk Junction 

Under this heading there will be considered four conditions, all of 
which arc fairly common: (1) stricture, (2) kinks and angulations, (3) 
hydro-ureter, (4) non-calculous obstructions of the ureteropelvjc junction. 

STRICTURE OF THE URETER 

Stricture of the ureter, as an etiological factor in disease of the upper 
urinary tract, was but little regarded until 1911, when Hunner began 
his long scries of publications regarding the etiology, pathology, and 
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incidence of ureteral stricture in the female. The most frequent form 
of stricture, according to this author, is the primary stricture, which was 
defined by him as a localized intrinsic inflammatory process in the wall 
of the ureter, metastatic in character and due to focal infection. Al- 
though his views have been widely questioned, many eminent clinicians 
are fully in accord with them. Whether or not one agrees with Hunner 
that most acquired strictures are primary, and that the urinary-tract 
lesions often associated with stricture (ureteral stone, hydronephrosis, 
pyeUtis, pyonephrosis, Bright’s disease) are secondary to the stricture, 
one is forced to admit that his work has been of great significance, if for 
no other reason than the attention it has attracted to a formerly neglected 
source of genito-urinary pathology. 

Sex and Age Incidence. Sex seems to play no important part, al- 
though there is a somewhat prevalent belief that ureteral stricture is 
much more common in females than in males. Our experience, however, 
does not bear this out Church (1927), reporting on 100 cases seen at 
the Brady Foundation, gave the sex incidence as: males, 65 per cent; 
females, 35 per cent. More recent publications place the incidence as 
approximately the same in both sexes. 

Ureteral stricture may produce symptoms at any age; but about 75 
per cent of the patients are in the third, fourth, and fifth decades of life — 
the fourth decade being the most common. M. F. Campbell has recently 
reported that postmortem studies of the urinary tract in children indi- 
cate that the ureter is congenitally obstructed in about 1 per cent, and 
of these obstructions congenital stricture is by far the most frequent. 
In his reported series of 12,080 autopsies in children, stricture occurred 
in 0.6 per cent. These congenital strictures are probably the chief pre- 
disposing factor in the chronic pyelitis of childhood. 

Etiology. Ureteral stricture may be (1) congenital or (2) acquired. 

Congenital strictures are usually exaggerations of the normal physio- 
logical points of narrowing in the ureter, unaccompanied by infection. 
They occur with about equal frequency in both sexes, and are often 
bilateral. Another congenital cause of ureteral constriction is the ure- 
teral valve. Valves are transverse folds of redundant ureteral mucosa, 
usually about 1 cm. above the ureteral orifice. They rarely cause serious 
obstruction, and generally disappear during the first 6 months after 
birth. Wocffler found them in 20 per cent of newly bom infants studied 
by him postmortem. 

Acquired strictures are (11 n on-inflammatory and (b) inflammatory. 
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Non-inflammatory strictures are chiefly traumatic, and may follow 
external trauma (rare), the injuries of labor, surgical operation (most 
common), careless or unwise ureteral dilatation, or erosion by a calculus. 
Extraureteral compression by cysts, tumors, enlarged glands, etc., may 
also cause constriction of the ureter. Scar tissue may surround and 
choke the ureter following severe parametritis or injuries sustained during 
labor. Aberrant vessels not infrequently compress the ureter. The 
duct may also be compressed from without by fibrous bands or by ad- 
hesions to adjacent organs. 

Inflammatory strictures are (1) primary' and (2) secondary’. We are 
inclined toward a median position in the controversy over the frequency 
of primary stricture. Although stricture due to bacterial metastasis to 
the ureteral wall from focal infection in the teeth, tonsils, or sinuses, or 
from disease of the digestive tract, may not be as common as Hunner 
would have us believe, the assertion of Beer and his colleagues, Schreiber, 
and a number of others— namely, that the lesion described by Hunner 
either does not occur or is extremely rare as compared with stricture 
due to other etiological factors — seems to us contrary to the known facts. 
Infection may' also reach the ureteral wall by way of the lymphatics, 
passing from below upward or through the lymphatics which anastomose 
with those of the colon. 

Secondary inflammatory' strictures are most commonly the results of 
extensions of infection from the adnexa or bladder, or are consequent to 
acute renal infection. Any of the common pyogenic or specific organisms 
may be responsible: streptococcus, Staphylococcus albus, Bacillus coli, 
gonococcus, tubercle bacillus, Spirochacla pallida, etc. The intramural 
portion of the ureter is often narrowed as a result of tuberculous or other 
forms of chronic cystitis. 

Pathology. About two-thirds of congenital strictures will be found 
at the ureterovesical junction. The majority of the remaining one-third 
occur at the ureteropelvic junction — congenital stricture of the body of 
the ureter being uncommon. Occasionally, the ureter is congenitally' 
strictured at both ends. 

Acquired stricture may occur in any portiomof the ureter, but is also 
rather uncommon in the body of the duct. Almost as many occur in 
the upper as in the lower portion. Of 66 cases of ureteropelvic obstruc- 
tion proved by operation, at the Brady Foundation in the New York 
Hospital, 31 revealed a stricture of the ureter (congenital or acquired) 
at its entrance into the pelvis (Hcnline, 1935). The stricture usually 
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shows connective-tissue proliferation and cicatricial contraction involving 
all the coats of the ureteral wall. The actual lesion may vary from a 
simple annular narrowing to an extensive area of dense infiltration. The 
involvement of the layers begins with the lining of the lumen and spreads 
over the mucous coat, setting up ulceration, connective-tissue prolifera- 
tion, and, eventually, contraction sufficient to greatly narrow the lumen. 
These effects are due in part to irritation of the inflamed surface by 
urinary salts and in greater measure to the activities of bacterial organ- 
isms. These organisms are by no means specific, as at one time or 
another practically all those found in the urinary tract have been impli- 
cated as causal factors in ureteral stricture. 

Hydronephrosis, in greater or less degree, occurs in a considerable 
proportion of the cases. Hydronephrotic destruction of the kidney may 
be the end result when the obstruction is not relieved. Wien the stric- 
ture is near the vesical end, the adjacent proximal portion of the ureter 
usually shows the earliest dilatation. The obstructive changes in the 
kidney and ureter may occur gradually and continue for long periods of 
time without producing symptoms sufficiently striking to direct atten- 
tion to the upper urinary tract. When infection complicates the obstruc- 
tion, irreparable injury to the kidney may occur. Stricture of the ureter 
is an important factor in the etiology of so-called essential hematuria 
and in the production of chronic interstitial nephritis. The etiological 
relationship of stricture to calculus and to the chronic pyeliti3 of child- 
hood has already been emphasized. 

Symptoms. The symptoms associated with stricture of the ureter 
are “multifarious and sometimes bizarre” (Hunner). 

In children, in whom the stricture is usually congenital, the urological 
investigation in most instances is prompted by persistent urinary infec- 
tion (Campbell, 1939). Persistent pyuria and pain in the loin are the 
commonest symptoms. Since cure of the infection is extremely difficult 
without first eradicating the obstruction, the establishment of the pres- 
ence of stricture is of great importance in these fair]}’ common cases. 
In the absence of infection, serious renal damage due to obstruction may 
give the clinical and laboratory picture of chronic interstitial nephritis. 

In adult patients, the principal symptom is pain. The pain is most 
commonly located in the loin. In some cases pain in the loin is the only 
subjective symptom, and is usually directly attributable to hydro- 
nephrotic or ureteral distention due to the obstruction. Frequently, 
however, patients complain of lower abdominal pain and discomfort, 
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with or without pain in the back. Some patients complain of pain radiat- 
ing down the thigh or leg, into the sacral or iliac regions, or to the region 
of the thorax. 

Many patients have gone from physician to physician in an effort to 
rid themselves of the abdominal discomfort. Not infrequently symp- 
toms due entirely to the ureter will be attributed to neighboring organs, 
notably the appendix, the ovaries in women, and the seminal vesicles and 
prostate in men. If pathological conditions do happen to exist in adja- 
cent viscera, attention will most likely be focused upon them and the 
ureter entirely overlooked. If an unfruitful surgical operation has been 
done, the persisting symptoms will then be blamed upon ‘'postoperative 
adhesions,” and still further surgery may be carried out to release these 
supposed causes of pain and disability. 

Gastrointestinal symptoms are common in both adults and children, 
and range from slight nausea to vomiting, gaseous distention, constipa- 
tion, and rectal tenesmus. 

Vesical symptoms are fairly prominent, but may be entirely lacking in 
some cases. Dysuria, frequency, and urgency are complained of. Inter- 
mittent pyuria is common. Hematuria frequently results from hydro- 
nephrotic distention. 

Headache and nervous symptoms arc frequent. If urinary infection 
is present, there are likely to be chills, fever, and other symptoms of 
generalized infection, such as are seen in appendicitis. 

With advanced destruction of renal tissue (in soli tan' kidney or 
bilateral cases) urosepsis is manifested by headache, mental lassitude, 
stupor, and finally death from urinary toxemia. 

The urine may be quite normal in many cases. In others, it contains 
pus, blood, albumin, and organisms. 

Diagnosis. Failure to recognize and properly treat this lesion has 
resulted, in the past, in much chronic suffering and in innumerable un- 
necessary operations, due to errors of diagnosis. 

The diagnosis depends upon the salient points presented by (I) the case 
history, (2) the ordinary' physical examination, and (3) urinalysis. If 
these point to the possible presence of a ureteral stricture, a complete 
urological examination should be made. Instrumental exploration and 
urography should leave little doubt as to the diagnosis. 

Ureteral stricture is often suggested by the history' of persistent or 
intermittent pain along the course of the upper urinary’ tract, particu- 
larly if there are also gastrointestinal disturbances and bladder symp- 
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toms, and if urinalysis show's blood or pus. The occurrence of pus or 
blood in the urine is irregular. It is therefore important that a series of 
urine examinations be made at fairly wide intervals, since the urine 
may be clear at one examination and at another contain pus, blood, or 
organisms. In many cases, however, the urine is quite normal. 

Bimanual palpation of the kidneys and ureters will be of service in re- 
vealing tenderness. In women, the ureters are easily palpable on vaginal 
examination, and when there is present a stricture, ureteritis, or both, 
palpation will usually elicit tenderness or pain at one of the following 
points: (1) along the upper urinary tract, (2) where the ureter crosses the 
pelvic brim, (3) in the duct’s juxtavesical portion (the most common site 
of stricture) . Rectal examination is also useful . 

Cystoscopy will not often show marked cystitis, but in a majority of 
cases there will bo increased vascularity about the ureteral orifice of 
the involved side. 

For the recognition of ureteral stricture or other obstruction, the ure- 
teral catheter, ureteral bulb, and the ureteropyelogram are essential. 
If the stricture is low down and dense, it may be impossible to introduce 
a catheter, and if it passes, but causes great pain, the presumption of 
stricture is much increased. Obstruction to the passage of a bulbed 
catheter, or the “hang” obtained at the site of obstruction on withdrawal, 
is presumptive of stricture, but is not definite proof since it is frequently 
caused by spasm. 

The point of stricture can be demonstrated in most cases by retrograde 
pyelography. Serial pyelograms arc especially useful. Excretory 
urography is also satisfactory, particularly in children, unless there is 
advance renal injury. 

Differential Diagnosis. Stricture must be differentiated from other 
obstructive conditions of the ureter, such as hydro-ureter and kinks or 
angulations. For this, ureteropyelograms in the prone and upright 
positions are of great importance. Since the ureteral catheter may act 
as a “splint” which straightens out abnormal twists and angulations, 
after the opaque medium has been injected a picture should be taken, 
the catheter then withdrawn to a point below the upper limit of the bony 
pelvis, and another roentgenogram taken. When the ureter no longer 
contains anything firm enough to straighten and stiffen it, the kink or 
angulation will be in evidence 

Spasm simulating stricture may inject an element of confusion. When 
attempting to introduce a catheter into a spastic ureter, one maj' get 
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the impression that he is dealing with an impassable stricture. It must 
be remembered, however, that if secretion by the kidney is for any reason 
temporarily suspended, as occasionally happens from the psychic effect 
of the examination alone, the unmoistened lining mucosa of the ureter 
will offer effective resistance to the passage of the catheter. If the 
apparent obstruction is at the ureterovesical “valve,” the existence of 
spasm should be strongly suspected. A pyelogram made after the failure 
of the catheter to pass often shows nothing obstructive at the point 
where its progress was halted. Sometimes, if the catheter is withdrawn, 
and a short interval of time allowed to elapse before it is reinserted, the 
secretion of urine will have resumed and the tip of the catheter passes the 
point where it was previously obstructed without any trouble. 

Other causes of ureteral spasm that have been suggested are trabecu- 
lation of the bladder-wall musculature, syphilitic lesions of the cord, or 
other neuropathic causes. Fatigue and nervous exhaustion may cause 
it, just as these influences induce spasm at the pylorus and elsewhere. 
Calculi may cause irritation, or the presence of highly acid or alkaline 
urine in the bladder may induce secondary' irritative stimuli sufficient 
to cause ureteral spasm. The more extended use of excretion urography 
will help to do away with the confusion caused by a spastic ureter, for 
it is the presence of the catheter carrying the opaque medium which 
induces spasm in most instances. 

Prognosis. The prognosis of stricture of the ureter will depend on the 
degree of renal damage by urinary back pressure and infection. In cases 
seen early, and in which the stricture proves amenable to dilatation, the 
prognosis is usually excellent. If of long standing, so that serious injury 
to the kidney has taken place, the outlook depends upon what can be 
done to relieve and remedy the renal condition. In many cases, ad- 
vanced upper urinary-tract disease, due to the obstruction or the com- 
plicating infection, will require radical surgery and frequently loss of 
the kidney. If the obstruction is unilateral, the sound opposite kidney 
may be expected to maintain life if the diseased kidney must be removed. 
If bilateral, the general debility consequent to the combined kidney 
impairment may seriously handicap recovery. 

Treatment. Strictures of the ureterovesical junction, lower segment, 
or body of the ureter can usually be satisfactorily treated by periodic 
progressive dilatation with bougies. The amount of dilatation neces- 
sary, and the length of the intervals between treatments, will depend on 
the rapidity of dilatation and the rate of recontracture. Some patients 



INJURIES AND DISEASES OF URETER 1277 

require only a single dilatation, or 2 or 3 treatments; while others require 
periodic dilatation over a long period of time. As a rule, congenital 
and traumatic strictures are not as amenable to dilatation as those of 
inflammatory origin. The dilatability of different inflammatory stric- 
tures also varies greatly, according to the virulence of the infection that 
produced the lesion, which influences the density of the scar tissue. 

When the caliber of the strictured ureter has been ascertained, the 
corresponding size of ureteral bougie should first be introduced, and there- 
after larger sizes in gradually ascending scale — no more than two or 
three being applied at any one session. Frequently, the best results 
follow the use of the multiple-bougie method — that is, the passing of 
several ureteral bougies into the ureter at the same time. This may 
be accomplished by using a specially constructed composite instrument, 

As infection complicates many cases of ureteral stricture, in both 
children and adults, the instrumental treatment should be accompanied 
by lavage of the renal pelvis and internal medication directed at the 
type of infecting organism. 

A congenitally slenosed ureterovesical orifice, or a resistant inflam- 
matory stricture at this point, which does not respond to dilatation, may 
frequently be enlarged through the cystoscopc by means of cystoscopic 
scissors or the figuration point. The operation should be followed by 
periodic dilatation by ureteral bougies. The stenosed orifice may also 
be enlarged through a suprapubic cystostomy opening. 

An apparent stricture of the body of the ureter, resulting from extra- 
ureteral pressure, can usually be satisfactorily treated by ureterolysis. 

Stricture of the uretcropelvic junction is discussed further on. 

KINKS AND ANGULATIONS OF TIIE URETER 

Kinks or sharp curves of the ureter may occur in any part of the duct, 
but are most common in the upper third, just below the ureteropelvic 
junction. They are much more common in females than in males, and 
involve the right side more often than the left. 

Etiology. Ureteral kinks may be either congenital or acquired. The 
ureter may be kinked at birth because of abnormal length, or because 
the kidney which it drains has not rotated to its proper height, or because 
an anomalous vessel forces it to bend out of its normal course. The 
anomalous vessel may not at first exert undue pressure upon a normal 
ureter, but later, as the size of all the viscera increases, the abnormal 
vessel will induce kinking. Peritoneal adhesions may likewise cause the 
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ureter to bend, twist, or assume a bizarre shape; and any retroperitoneal 
tumor mass or inflammatory process which is so located as to come in 
contact with the ureter may have a like effect. The most commonly 
recognized cause of ureteral kinking is ptosis of the kidney, but it is our 
belief that, actually, kinks so induced are transitory and are not nearly 
so productive of symptoms as is generally supposed. 

Ureteral kinks and angularities are frequently observed secondary to 
lower urinary-tract obstruction or obstruction of the lower ureter itself. 
These may continue to cause obstruction after the removal of the pri- 
mary cause below. Sometimes secondary periureteritis /irmly binds 
down the kink, producing a sharp angulation. 

Experimental occlusions of the ureter (Vermooten) have shown that 
partial stricture of the ureter may cause marked dilatation and elonga- 
tion of the duct, so that it kinks easily. Therapeutic dilatation will 
usually diminish or eliminate the kink. Many patients who have under- 
gone nephropexy still suffer pain which, preoperatively, had been attrib- 
uted to kinking of the ureter. Even when a renal ptosis can be demon- 
strated, there may be a co-existent ureteral stricture, inducing elongation 
of the ureter. Vermooten suggests that before doing nephropexy for 
the purpose of straightening out the ureteral kink it would be wise to 
see if relief of symptoms cannot be afforded by a course of ureteral dila- 
tations. If urography shows that the ureter is elongated, it should be 
considered a possible indication of some sort of ureteral obstruction- 
spasm, increased physiological narrowing, or actual stricture. We have 
no very definite standard as to what constitutes a ''normal” ureteral 
lumen. Very slight constriction at any point may lead to slight dilata- 
tion which may be abnormal for that particular patient. The institu- 
tion of better drainage, which systematic ureteral dilatation would pro- 
mote, would therefore seem a logical treatment for some of the kinks 
and tortuosities which now are being treated by nephropexy — frequently 
without relief of symptoms. 

Symptoms. The symptoms are those common to stricture, stone, 
tumor, or other ureteral obstruction. One of the chief causes of the 
exquisitely painful syndrome known as “Dietl’s crisis” is the kinking 
of the ureter which attends downward displacement of Us attached 
kidney (Nephroptosis, p. 1624). Unless one is dealing with a genuine 
DietPs crisis, however, the symptoms are not likely to be of the acute 
type. The patient is much more apt to complain of a dull ache in the 
loin, which has usually existed for some time. Many of the victims of 
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these kinks are regarded as neurasthenics, and are not infrequently 
subjected to gynecological procedures, such as curettage or even ampu- 
tation of the cervix, because of some coincident but wholly unrelated 
genital-tract pathology. Occasionally, typical renal colic will super- 
vene upon a long-standing “backache,” or some other manifestation will 
direct the consulted physician’s attention to the ureter and renal pelvis. 

Diagnosis. Kinks and angulations can only be demonstrated by 
urography. Before the advent of urography, ureteral kinks were found 
only at operation or autopsy. Wien doing retrograde pyelo-ureterog- 
raphy, it is important, before taking the final picture, that the catheters 
be withdrawn to the lower ureter and the patient placed in the upright 
position. Serial pyelograms are very useful in making the diagnosis. 

Treatment. When the kink is secondary to lower ureteral obstruc- 
tion, ureteral dilatation will usually diminish or eliminate the angulation 
unless the dilatation and elongation of the ureter responsible for the 
kinking are considerable, or the loops are matted together by adhesions. 

Restoring a ptosed kidney to its normal position by means of a properly 
fitted kidney belt or by nephropexy, results in straightening out of the 
ureter unless the nephroptosis is accompanied by enteroptosis, when the 
prognosis is much less favorable. With elimination of the kink, proper 
drainage of the kidney is restored. 

Aberrant vessels, fibrous bands, or adhesions causing or helping to cause 
kinking of the ureter require surgical severance (see Surgical Treatment 
{ ol Non-calculous Obstructions at the Ureteropelvic Junction p. 1305). 

NON-CALCULOUS OBSTRUCTIONS OF THE URETEROPELVIC JUNCTION 

Congenital and acquired abnormalities of the ureteropelvic junction 
are quite common in both young and adult subjects of both sexes. They 
are of many different types, but have one feature in common, namely, 
they cause obstruction of the ureteropelvic junction, with resultant dila- 
tation of the renal pelvis and calyces. The stasis predisposes to infection, 
with the production of pcripeivic adhesions and fibrosis, thus increasing 
the pressure on the ureter. If the obstruction is not relieved, hydrone- 
phrotic atrophy and, eventually, total destruction of the kidney will re- 
sult. 

Causes of Obstruction at the Ureteropelvic Junction. Ureteropelvic 
obstructions may be due to one or more of several different factors, either 
congenital or acquired : (I) true stenosis, (2) high insertion of the ureter 
in the renal pelvis, with valve effect, (3) extraureteral compression by an 
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anomalous renal blood vessel, (4) horizontal axial rotation of the kidney 
(5) nephroptosis, causing kinking of the ureter. Usually, more than on 
etiological factor is involved. 


n<jM kidney 
{hydronephrosis) 



Fig 2S6. Postmortem specimen showing hydronephrosis due to aberrant artery and vein 
to the lower pole of the kidney. The insert (a) shows the aberrant vessels on section and tbt 
kinking of the ureter. 

Anomalous Renal Blood Vessels. Anomalous renal blood vessels have 
long been regarded as the most frequent cause of obstruction at the urc- 
teropclvic junction. While they are undoubtedly the primary and sole 
cause in some instances, much more often such aberrant vessels act in 
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conjunction with other factors (stenosis, abnormal insertion of the ureter, 
excessive mobility or ptosis of the kidney) to impede drainage from the 
renal pelvis. Stenosis is a frequent primary cause of ureteropelvic ob- 
struction, and when it occurs in association with an aberrant vessel the 
stenosis may readily be overlooked, so that treatment will be directed only 
to the secondary but more obvious cause of the obstruction, with the 
result that symptoms persist. 

Regarding the incidence of anomalous renal blood vessels in association 
with ureteropelvic obstructions, Mayo, Braasch and MacCarty (1909) 
reported 27 cases of ureteropelvic obstruction, in 20 of which aberrant 
vessels were found. Of 66 cases of ureteropelvic obstruction reported 
on by Henline (1935) aberrant vessels were found in 29. Figures pub- 
lished from the urological clinic of The Johns Hopkins University Hos- 
pital show that in more than 4,000 routine roentgenological examinations 
there were found 528 cases of hydronephrosis, 1 13 (21.4 per cent) of which 
showed definite evidence of obstruction at the ureteropelvic junction; 
of these, 61 were diagnosed as being due to aberrant blood-vessel ob- 
struction, the diagnosis being subsequently confirmed at operation. 

Just how these misplaced and supernumerary blood vessels act to 
induce the pathological changes seen at operation and autopsy is 
not clearly comprehended Some observers — notably Quinby- claim 
that the peristaltic action of the ureter may be interfered with by the 
aberrant vessel “causing sufficient interruption of these waves, through 
the years following birth, to bring about the resulting dilatation of the 
pelvis.” If fibrosis is set up about the meeting-place of the ureter and 
aberrant vessel, or a fibrotic condition is induced by renal ptosis in 
conjunction with an anomalous artery or vein, compression of the uretero- 
pelvic junction by the blood vessel would be highly probable. If this 
assumption is correct, obstruction should be seen often at the point 
where the ureter crosses either the terminal portion of the common iliac 
vessels or the beginning of the external iliac vessels. However, as a 
matter of clinical observation, it is exceptional to find obstruction at 
either of these points. 

Moore is of the opinion that aberrant vessels may, as the individual 
develops, acquire a relationship to the ureter abnormal enough to produce 
obstruction and hydronephrosis, because, although such vessels are often 
found when exploring hydronephrosis in adults, the}' are practically 
never observed in the hydronephrosis of childhood. He is inclined to 
lay the blame upon abnormal renal mobility. When the patient is erect. 
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and the kidney making its normal excursions during respiration, ''the 
frequent impingements of the organ over an unyielding vessel may 
eventually lead to dilatation of the pelvis, accompanied by increase in 
weight, and, finally, to angulation of the ureter with actual mechanical 
obstruction.” This view is compatible with the finding of hj'dronephro- 
sis associated with aberrant vessels in the third and fourth decades 
of life. 

Another possible inducement to pathological conditions because of 
the existence of aberrant renal vessels is a lateral insertion of the ureter, 
with the formation of a valvular type of obstruction. If interference 
with adequate pelvic drainage occurs — from compression 'of an anoma- 
lous vessel or otherwise — pyelectasis will be induced. As the sac 
increases in size, more compression is exerted on the ureter. The stasis 
predisposes to infection, with the production of peripelvic adhesions and 
fibrosis, as has already been mentioned. 

The pathological picture is, indeed, so infinitely variable that no 
description of it can be given which will even approximately fit all cases. 
All renal surgeons know that anomalous vessels frequently exist without 
causing the slightest obstruction. It is our opinion that while vascular 
anomalies are undoubtedly the primary cause of ureteral obstruction in 
some instances, much more often they play a secondary role. 

Stenosis. Stenosis appears to be the most common primary cause of 
obstruction at the ureter Opel vie junction. Of 66 cases of uretcropelvic 
obstruction proved by operation at the Brady Foundation, of the New 
York Hospital, 31 showed stenosis of the ureter at its entrance into the 
renal pelvis (Henline, 1935). In a later series of 14 cases (4 of them 
bilateral) treated by operation at the Brady Foundation, stenosis, alone 
or in association with other obstructive factors, was found to be present 
in 15 ureters, and was regarded as the primary cause of obstruction in 
every case (Hcnline and Meaning, 1943). The stenosis may be (1) con- 
genital smallness of the lumen, without pathological tissue change, or 
(2) acquired, and due, as a rule, to inflammation. It may be the sole 
cause of obstruction, or it may be associated with other obstructive con- 
ditions, especially high insertion of the ureter, or an anomalous vessel. 

High Insertion oj the Ureter. High insertion of the ureter on the renal 
pelvis, with or without stenosis, vascular anomaly, or other abnormality, 
is another fair!}’ common cause of obstruction at the urcteropclvic junc- 
tion. 

Symptoms and Diagnosis. The symptoms are those common to all 
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ureteral obstructions, and the diagnosis is dependent upon the findings of 
retrograde pyelography, including serial pyelograms, which are particu- 
larly helpful in demonstrating delayed emptying of the renal pelvis. 
When the obstruction is of such a nature as to produce periodic attacks 
of severe pain, or even a typical Dietl’s crisis, the affected kidney may be 
palpable; but much more common is pain in the flank, which may be 
intermittent or continuous, but, while distressing, is not extremely severe. 
Accompanying this are gastrointestinal disturbances and symptoms of 
recurrent acute infection of the urinary tract, such as fever, urinary fre- 
quency, dysuria, pyuria, etc. 

While pyelograms are invaluable for demonstrating the presence of 
obstruction at the urcteropelvic junction, one usually cannot by this 
means determine the nature of the obstruction. Often this cannot be 
ascertained except at the operating table. 

The “squaring off” appearance of the under border of the kidney, which 
Waters found to be present in compression of the ureter by an anomalous 
vessel even before hydronephrosis can be demonstrated, he offers as an 
early diagnostic sign obtainable by roentgenography. It gives the renal 
pelvis an appearance similar to that of an inverted bag to one end of 
which a string has been tied. A later sign is dilatation of the renal pelvis, 
followed by hydronephrosis. When this has taken place, the pelvis has 
a tendency to sag over a fixed point— the ureteropelvic junction— and the 
“squaring off” picture becomes much more evident. This picture is 
quite different from that witnessed when the dilatation is produced by 
stones or other obstructive agents located further down in the urogenital 
canal. 

Treatment. Obstructions of the ureteropelvic junction do not as a 
rule respond satisfactorily to ureteral dilatation. Some form of surgery 
is usually required (see Surgical Treatment of Non-calculous Obstructions 
at the Ureteropelvic Junction, p. 1305). 

HYDRO-URETER 

Dilatation of the ureter may be due to mechanical obstruction, or it 
may occur without obstruction. The non-obstructive types may be 
congenital, or of intrinsic inflammatory origin, or due to loss of muscular 
tone resulting from disturbances of innervation. These are discussed 
separately (Dilatation of the Ureter Without Obstruction, p. 1291). 

Dilatation, elongation, and tortuosity of the ureter due to mechanical 
obstruction is a relatively common condition not only in adults but also 
in children and even infants. 



1284 


CLINICAL UROLOGY 


Etiology* The causes of ureteral obstruction have been discussed 
under preceding headings. They may be briefly summed up as: (1) ob- 
struction of the ureteral lumen by inflammatory reaction and scar tissue, 
calculi, new growths, or, rarely, an organized blood clot; (2) pressure 
from extraureteral causes, such as tumors or edema in neighboring organs, 
aberrant blood vessels, adhesions and fibrous bands attaching the ureter 
to other structures; (3) congenital malformations, valves, folds, kinks and 
angulations, and, in particular, stenosis of the ureter’s lower end; (4) 
acquired kinks (in connection with movable kidney), twists, and angula- 
tions; (5) injury of the ureter due to trauma or surgery. Any of these 
obstructions, if unrelieved, may serve to induce hydro-ureter. 

Obstructions of the lower tract eventually have the same effect upon 
the ureter as obstructions of the duct itself. Thus, we often see acquired 
hydro-ureter in advanced cases of prostatic hypertrophy which have been 
left untreated or have been improperly handled. Angulated hydro- 
ureters are particularly common in obstructions of the lower tract in 
children — notably congenital valves 1 of the posterior urethra. The 
dilated, elongated ureters form loops or coils, which become fixed through 
the formation of fibrous and connective-tissue adhesions. Removal of 
the primary obstruction in the posterior urethra will fail to halt the 
renal destruction, because these adherent loops act as secondary valves 
to maintain or increase the obstruction. Resection of a portion of the 
angulated, elongated ureter has occasionally resulted in straightening 
out of the kinks of the remaining portion and the restoration of fairly 
good drainage to the kidney. 

The obstruction most frequently met with in childhood is stenosis of 
the ureter. When the entire ureter is dilated, the stenosis will be found 
at the extreme lower end, where the ureter enters the fundus of the 
bladder. Normally, the ureter traverses about 2 cm. of the bladder 
wall in an oblique direction before opening into the interior. When 
stenosis exists, the ureteral lumen is reduced in size to little more than 
a straw’s breadth. Sometimes the lumen is completely blocked, but in 
cases where this has been found postmortem, there have usually been 
inflammatory' changes present, so that the narrowed lumen was still 
further reduced or completely obliterated by the edema. It is generally 
accepted that stenosis of the ureter, whether at the upper or lower end, 
or where it crosses the brim of the pelvis, is due to some developmental 
fault, and is, therefore, of congenital origin. 

Pathology. If the primary obstruction is in the ureter, there will be 
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dilatation and distortion of the duct above the site of blockage, with 
more or less associated hydronephrosis or atrophy of the corresponding 
kidney, depending upon the degree and duration of the obstruction. If 
the obstruction is in the lower urinary tract, there will usually be dilata- 
tion of the entire ureter and the condition will, as a rule, be bilateral. 
Rarely, the ureter immediately above the bladder dilates, without dis- 
tention of the renal pelvis and kidney. 

The ureter is often tremendously dilated and elongated, with walls 
many times their normal thickness. In Culver and Baker's case the 
hugely distended ureter was 42 cm. long, markedly tortuous and thick- 
walled. At the bladder end the outside diameter was about 3 cm., while 
just below the ureteropelvic junction it was 1.5 cm. The convolutions 
may be matted together by adhesions. Experimentally, hydro-ureters 
of enormous proportions have been produced by Hosford and Gruber. 

Symptoms and Diagnosis. Early in life the symptoms are those of 
urinTary obstruction; later on, they will be those of obstruction and in- 
fection. A child suffering from urinary-tract disturbances, such as dys- 
uria, frequency, urgency, dribbling or complete incontinence, or frank, 
retention, should be suspected of possessing “congenital” hydro-ureter 
or hydronephrosis. Pus in the urine, especially in little boys, should 
always arouse suspicion and demand an immediate investigation. When 
infection ensues, the colon bacillus will be found to be the most frequent 
invader. 

The diagnosis has already been discussed under obstructions of the 
ureter. Rectal examination should always be undertaken, for without 
it, much suggestive symptomatology may be overlooked. Renal func- 
tion tests, estimation of blood urea, and the other measures which give 
information concerning the functional and anatomical states of the 
whole upper urinary tract, must always be brought into service. 

Treatment. The various means of dealing with hydro-ureter are 
mentioned in connection with the different forms of ureteral and lower- 
tract obstructions responsible for the condition. 

Ureterocele 

Ureterocele (cystic dilatation of the lower end of the ureter; intravesical 
ballooningof the ureterovesical septum; intravesical cyst), while formerly 
considered a very rare lesion, which was diagnosed usually at the autopsy 
table, has been discovered with ever-increasing frequency with the wider 
employment of cystoscopy and roentgenographic visualization of the 
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urinary tract. Rhodes (1936) reports seeing 13 cases in 695 cystoscopies 
— an incidence of almost 2 per cent. 

It is important to distinguish between ureterocele and prolapse of the 
ureter (p. 1290). In prolapse, there is an extrusion of the ureteral mu- 
cosa, either alone or with all the layers of the ureteral wall, so that the 
extrusion is covered on its vesical aspect by ureteral mucosa. In uretero- 
cele, all the layers of the ureteral wall are involved in the intravesical 
protrusion, but with no alteration in their normal relations; that is, the 
vesical aspect is covered by bladder mucosa and the inner aspect by 
ureteral mucosa, with fibrous tissue between the two mucous layers. 
Failure on the part of many writers to distinguish between these two 
conditions has led to many erroneous conclusions. 

Etiology. It is generally agreed that the ballooning is due to narrow- 
ing of the ureteral meatus as a result of either congenital or acquired 
conditions. Some authors believe that the stenosis is always congenital. 
Another group suggests as possible etiological factors inflammatory 
changes about the ureteral orifice, due to infection within the bladder or 
in the pelvis, and trauma due to instrumentation or the passage of stones. 
The literature on the etiology of ureterocele was well reviewed by O’Conor 
and Johnson (1930) , who found a wide variation of opinion and consider- 
able embryological and clinical evidence to back up almost any view- 
point. 

Factors favoring a congenital defect arc (1) the comparative frequency 
with which ureterocele is found in infants and young children, (2) its 
frequent association with anomalous conditions of the upper urinary 
tract, particularly supernumerary ureters, (Fig. 276), (3) the tendency 
to bilateral involvement. 

In favor of an acquired origin is the common occurrence, at all ages, 
of cystitis, which may eventuate in stricture of the ureteral orifice due 
to the presence of scar tissue. Hunncr also mentions the possible in- 
fluence of focal infections in the development of this condition. Fetillo 
holds that obstruction in the lower ureter (which may be caused by 
attachment of a seminal vesicle in the male, or an adhesion to the broad 
ligament in the female) causes paralysis of the intramural portion with 
loss of contractile power, and continuous pressure from above results in 
dilatation of this atonic portion and intravesical protrusion. Papin 
looks upon ureterocele as merely the lower segment of a hydro-ureter, 
which must of necessity be preceded by stenosis of the ureteral orifice. 

Landwust regards ureterocele as a widening within the bladder cavity 
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of the terminal portion of the ureter, which can occur only when a stric- 
ture is present in conjunction with an abnormally long submucosal 
course of the ureter’s vesical end. Blum also regards a long and winding 
course beneath the vesical mucosa as essential to the formation of uretero- 
cele. The theory of Bostrom assumes an abnormally oblique course of 
the ureter through the bladder wall. 




. Vureterocele 
4 (collapsed) 



electrode enlar£m£ 'condition after ^ 
orifice of ureter operation 


Tir. 287. Ureiproccle Cj sloscopic fulguration of Ureteral orifice. (1) Shows uretero- 
cele distended. (2) Ureterocele in collapsed state (3) Enlarging the ureteral orifice by 
means of the electrode, thereby permitting adequate drainage. (4) Showing the condition 
of the ureteral orifice after operation. (Case of Dr. Peter La valle.) 

The weight of evidence indicates that ureterocele is dependent upon 
congenital stenosis of the ureteral orifice with congenital weakening of 
the connective tissue and muscular elements about the meatus, and that 
it is often aggravated by infection and trauma. 

Pathology. Ureteroceles may vary widely in form and size. They 
may be round, elongated, or flat; open or closed; very small or of great 
size. In infants they have sometimes filled the entire bladder. The 
simplest and most common form is a small or moderate-sized balloon- 
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like protrusion during the ejaculation o! urine, the ureteral orifice usually 
being located at the tip. This form may occur at any age. 

Pathologically, ureterocele is important because it serves to obstruct 
free drainage from the ureter and thus predisposes to general infection 
of the urinary system, particularly the upper portion of the tract. If 
left untreated in its earlier stages, it may lead to hydro-ureter and hy- 
dronephrosis, or even to complete destruction of the kidney. 

In cystic dilatation, there are primary and secondary changes. 
Whether congenital or acquired, at the outset there is contraction of the 
ureteral orifice. As a result of this narrowing, the upper portions of the 
duct are dilated by urine, and the ureter then becomes cystic and dilates 
intravesical!}'. The wall of the cyst is formed by a thinning-out of the 
intramural portion of the ureteral wall. As the dilatation and swelling 
increase, the end of the ureter may descend into the urethra and (in the 
female) finally present in the vulva. 

The cyst wall consists of two mucous layers — ureteral and vesical — 
which are continuous at the stenosed orifice. Fibrous stroma separates 
the mucous layers. The stenosed orifice will be displaced from its normal 
position and will usually be found surmounting the cyst. 

The secondary changes are those due to obstruction, stasis, and in- 
fection. 

Gutierrez has classified the more common varieties of ureterocele into 
six types: (1) simple unilateral ureterocele, (2) simple bilateral uretero- 
cele, (3) ureterocele ballooning inside the bladder and containing a stone, 
(4) ureterocele prolapsing through the urethra and protruding beyond 
the meatus (more common in females), (5) ureterocele with hydro-ureter 
and hydronephrosis, (6) ureterocele in an anomalous condition of the 
upper urinary tract, in which two ureters open at the level of the uretero- 
cele, producing hydro-ureter and hydronephrosis in a case of double 
kidney and ureter. In addition, he mentions three rare types: (1) 
ureterocele opening into a diverticulum of the bladder, (2) blind ureter 
forming a ureterocele, (3) a fused type, or megalo-ureterocele. 

Ureterocele is slightly more common in women than in men. No age 
is exempt. The condition has been observed in still-born infants and 
in the aged. Most of the patients are between the ages of 20 and 55 
years. Bilateral involvement is relatively common. When only one 
side is affected, it is more frequently t be left. 

Symptoms. Symptoms are mainly attributable to obstruction and 
infection. The stenosis being incomplete, secondary changes in the 
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upper tract take place slowly. Ureterocele therefore probably exists in 
some cases for years without symptoms of any kind. 

The early symptoms are due to interference with the renal drainage 
by reason of the narrowed orifice, and are not characteristic. Dull, 
aching pains along the urinary tract, or pains referred to the abdomen, 
pelvis, or hip, are common complaints. With the onset of infection, 
there may be frequency, dysuria, pyuria, hematuria, and the general 
symptoms arising from the toxic effects of stasis — headache, gastro- 
intestinal disturbances, and, sometimes, chills and fever. 

Cysts of large size, by blocking the bladder outlet during micturition, 
may cause hesitancy, dribbling, or sudden stoppage of the urinary stream. 
Still later the cyst may prolapse into the urethra, when there is likely to 
be a history of incontinence. 

Diagnosis. Ureterocele can be diagnosed on the history and physical 
examination only in the very rare cases where the cyst, with the ureteral 
orifice, has prolapsed to the outside. 

In other cases, the diagnosis is definitely made by cystoscopy, and 
usually is not difficult, especially if the cyst is large and distended (Plate 
VI). The more common smaller ureteroceles, with less stenosis, may be 
seen to fill and empty wdth each peristaltic wave. The ureteral orifice 
may surmount the ballooning area, or it may occupy a position near the 
base, and may not be observable until a fine stream of urine issues from 
it at the end of a peristaltic wave. In the larger ureteroceles, especially 
those with thickened walls, the cyst will have the appearance of a smooth, 
soft tumor which pulsates with peristalsis but does not collapse. Urine 
is seldom seen spurting from the contracted orifice, which is likely to 
be much displaced. 

Intravenous urograms will clearly demonstrate the lesion in most 
cases. The suggestive findings by urography are: a dilated ureter nar- 
rowed at its point of passage through the bladder wall, with a bulbous 
dilatation of the vesical end of the ureter. Occasionally, it may be 
possible to catheterize the ureters, but often this will be impossible. 

Treatment. The object of treatment is the restoration of good drain- 
age for the kidney. This demands an orifice of sufficient size for the 
free passage of urine and the preservation of the valve-like action of 
the ureteral os to prevent urinary reflux. 

If the ureteral orifice can be identified, simple gradual dilatation may 
suffice, provided the dilatation is ample enough to insure the dilated 
orifice remaining permanently open 
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Most authors recommend transurethral treatment by means of the 
diathermy current as a method that is generally satisfactory regardless 
of the size of the cyst, and that is followed, as a rule, by a rapid and un- 
eventful recovery. This may consist of either (1) simple fulguration of 
the ureteral orifice with a point electrode, or (2) ureteral meatotomy 
carried out by means of minute cystoscopic scissors or by a knife elec- 
trode. Great care must be taken not to destroy too much of the uretero- 
vesical valve, or urinary reflux will take place. 

If the ureterocele has prolapsed to the vulva, resection of the strangu- 
lated portion is usually necessary. 

Suprapubic cystotomy and excision of the cyst, by cold instruments 
or by the various cauterizing or fulgurating instruments, is usually re- 
served for ureteroceles of very large size. Excision of the cyst is often 
attended with ureteral reflux and pyelonephritis, and is rarely required. 

Nephrectomy may be necessary in cases with markedly impaired 
kidney function, especially if infection is present; but in view of the 
remarkable recuperative power of some infected kidneys under condi- 
tions of restored drainage, it need hardly be emphasized that nephrec- 
tomy should not be too hurriedly performed. However, in ureteroceles 
of long standing, obstruction has frequently resulted in such marked 
hydro-ureteronephrosis that removal of the kidney and ureter becomes 
necessary. 

Regardless of the method employed for opening the ureterocele, the 
patient should be observed from time to time until it is certain that the 
restored ureteral orifice remains freely open and that stricturcd areas 
higher up, if present, are well dilated. 

Prolapse oj the Ureter 

A very rare condition, associated usually with the passage of stones, 
is prolapse of the vesical end of the ureter. This is confused by many 
earlier writers with ureterocele. 

Prolapse may be due to overviolent contractions of the ureter, which, 
however, would have to be dependent upon some structural weakness 
in the ureteral wall. The previous existence of stricture with subsequent 
dilatation, or of calculus with resulting trauma and stretching of the 
ureteral wall, might result in conditions favoring prolapse of the ureteral 
mucosa. Redundancy of the ureter, which is sometimes put forward 
as a cause of kinks and twists of non-pathological origin, might predispose 
to prolapse. 
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Treatment. As a rule, the condition causes no symptoms and is only 
discovered on routine cystoscopic examination. It may occasionally be 
necessary to treat it in the same manner as the prolapsed female urethra 
is handled, namely, by resection of the prolapsing portion and enlarge- 
ment of the ureteral orifice, if this is deemed necessary'. Great care 
must be taken not to damage the ureterovesical “valve.” 

Dilatation of the Ureter Without Obstruction (Megalo- Ureter: Atony of 
the Ureter ) 

The term megalo-ureter was coined by Caulk to fit a single case of what 
was probably a primary’ anatomical defect in the ureteral wall, resulting 
in enormous dilatation of the ureteral lumen. The term has, however, 
been taken up by the medical profession and rather loosely applied to 
those conditions, congenital or acquired, in which there is permanent 
gapping of the ureterovesical orifice with a gigantic ureter — “permanent 
dilatation of the ureteral orifice” the French have termed it, because no 
stricture, impacted calcu!us,or other obstruction can be found to account 
for it. The condition is such that were we to turn these patients upside 
down when their bladders are full, the urine would flow back to the 
kidneys just as readily as it passes from the kidneys to the bladder when 
the patient is in his normal, upright position. 

Etiology. Congenital megalo-ureter, or congenital idiopathic dilata- 
tion of the ureter, as it is frequently called, was first reported by Saintu 
in 1896 in a fetus. Many' cases have been recorded since, hoth in the 
newborn and in children. 

Up to the fifth month of fetal life, the ureter is of enormous caliber as 
compared with the rest of the body. It has been suggested that megalo- 
ureter is due to one of the following: (1) absence of the normal inhibition 
of growth at the fifth month of fetal life, so that the fetal condition of 
ureteral enlargement persists; (2) hypoplasia of the musculature; (3) a 
disturbed or deficient nervous mechanism controlling function. 

Insufficiency of the ureteral orifice, which permits reflux of urine with 
contractions of the bladder, is a cause of ureteral dilatation. Incom- 
petence of the ureterovesical “valve” may be the end-result of a number 
of different conditions, and is the forerunner of most of the cases of ac- 
quired megalo-ureter. Inflammation in the region of the ureterovesical 
“valve” may render that delicate mechanism functionally incompetent, 
so that dilatation of the ureter gradually occurs; and these cases, when 
later they come to examination , are likely to be considered of congenital 
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origin. Ureteritis without obstruction is regarded as an important factor 
in the production of atonic, dilated ureters. 

Many observers have noted this close relation between megalo-ureter 
and infection. When the infection originates in the kidney, it is appar- 
ently the upper portion of the ureter which first becomes involved in the 
inflammatory process, on account of which it becomes dilated. The 
dilatation gradually involves the remainder of the ureter, the lower 
portion being the last to be affected. Thus, the intramural portion and 
the ureterovesical “valve” retain their caliber for some time. This 
normal-calibered portion, while previously sufficient to provide adequate 
drainage for a ureter which was normal throughout, now becomes in- 
adequate when the duct above has lost its muscular tone and, therefore, 
its normal peristaltic action. The tightness and narrowness of the lower 
section, compared to the relaxed and dilated upper portion, greatly im- 
pedes drainage, and the imperfect peristalsis of the duct above adds to 
the inefficiency of emptying. Thus, retention of urine in the ureter is 
fostered, and this, in turn, increases the existing dilatation. The as- 
sumption of such a vicious circle of events would account for the frequent 
finding, in patients suffering from pyelonephritis, of ureteral orifices of 
normal size and appearance admitting to dilated and atonic ureters. 

It would seem, therefore, that megalo-ureter— permanent gaping of 
the ureteral orifice, with a greatly dilated ureter— must be of vesical, 
rather than renal, origin. The findings of numerous investigators bear 
out this conclusion. 

Disturbances of innervation explain some cases of atonic dilated 
ureters. The neurogenic disturbance may be the result of a congenital 
defect in the neuromuscular structure of the ureter itself, or of trauma 
or disease (as in tabes). Hydronephrosis, with dilatation of the ureter, 
is the inevitable result of ureteral atony. 

Symptoms and Diagnosis. A considerable degree of ureteral dilata- 
tion may exist without producing any symptoms. Symptoms attribut- 
able to the condition per se are negligible, even in severe cases. When 
the bladder is distended, there may be a feeling of weight and discomfort, 
but seldom actual pain, in the lumbar region. This discomfort is usually 
felt as the bladder is being emptied. Distention of the bladder by 
cystoscopic fluid often produces it. The patient may have been so little 
troubled by these symptoms that only close questioning will elicit the 
history. More often, however, the symptoms due to back pressure or 
secondary’ infection will be severe enough to cause the patient to seek 
medical aid. 
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The chief characteristics of megalo-ureter are: (1) the great size of the 
ureteral orifice, which is gaping and rigid; (2) the complete and wide 
communication between the bladder and the renal pelvis. 

Cystoscopic inspection will generally show a gaping ureteral orifice on 
one or both sides. In unilateral cases, there will be a striking difference 
between the normal orifice and that of the dilated ureter. Instead of a 
tiny slit in the wall, emitting at regular intervals spurts of clear urine, 
there will be seen a round hole — “golf-ball orifice” it has been termed 
because of its size and shape. 

In some cases of atonic dilated ureters the alterations in the cystoscopic 
appearance of the ureteral orifice will be so trifling as to make diagnosis 
difficult. Atony may be suspected, however, if there is even a slight 
suggestion of rigidity. 

Urography will confirm the diagnosis of megalo-ureter. When cysto- 
graphic examination is made, complete filling of the upper tract will be 
observed. 

Megalo-ureter must be differentiated from the common group of 
ureteral dilatations due to mechanical obstructions of the ureter, uretero- 
vesical orifice, or lower tract. 

Prognosis and Treatment. Megalo-ureter, when bilateral, is a very 
serious condition for which nothing can be done except to treat secondary 
infections and obstructions. The patient’s life will be limited by the 
length of time necessary for destruction of both kidneys. 

In the congenital cases, where one side is normal, anatomically and 
functionally, the most satisfactory course, in the opinion of most writers, 
is removal of the kidney and ureter of the affected side. 

In some of the acquired unilateral cases, treatment may not be re- 
quired. In others, dilatation of the ureteral orifice and lavage may be 
necessary* for secondary infection. When there is advanced unilateral 
destruction, removal of the kidney and ureter may be required. 

Transplantation of the ureter to another part of the bladder is some- 
times indicated. 

Affections oj the Ureter in Children 

Abnormal conditions affecting the ureters of children are dependent, 
as a rule, upon congenital malformations, which, are fairly common in 
the upper urinary tract. In the foregoing pages we have discussed in 
considerable detail the pathological conditions which arise in infancy 
and early childhood as a result of congenitally malformed ureters. 
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Among the more frequently encountered ureteral abnormalities of 
childhood are ureterocele, congenital stenosis, mcgolo-ureter, and hydro- 
ureter consequent to posterior urethral valves or ureteral stenosis. Di- 
verticulum and kinks, twists, and dilatations secondary to compression 
from various causes — aberrant renal blood vessels in particular — may 
occur in children as well as in adults. Primary infection of the ureter, 
relatively rare in adults, is still more uncommon in early life. Neverthe- 
less, it does occur, as do also ureteral calculi and neoplasms. 

Differential Diagnosis. In children, as in older people, obstructions 
and infections of the right ureter frequently induce pain in the right 
lower quadrant and other symptoms which simulate those of appendi- 
citis. With the especially designed instruments for use upon children, 
which are now available, the exact diagnostic methods of the urologist 
can be applied to even the youngest of patients, so that there is little 
excuse for mistakes in diagnosis. Although there may well be circum- 
stances where such preliminaries must be dispensed with, generally 
speaking no child’s abdomen should be hurriedly opened before he has 
been subjected to a complete urological examination. 
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CHAPTER XXXV 


OPERATIVE TREATMENT OF THE URETER 


Preoperalive Preparation 

The evening before the operation the patient is given a soapsuds enema 
and a sedative. For the latter, phenobarbitol or nembutol, 0.1 Gm., 
is satisfactory. If regional anesthesia is to be used, the patient is per- 
mitted a light breakfast and fluids. 

One hour before operation he is given additional analgesic by mouth 
(phenobarbitol or nembutol, 0.2 Gm). 

Preparation of Operative Field 

The skin of the suprapubic region, abdomen, and back is cleansed 
with tincture of green soap and warm water, followed by alcohol, and 
sprayed with tincture of merthiolate, 1:1,000 or tincture of zephiran, 
1:1,000. 

Anesthesia 

In our clinic, ureteral operations in adults are practically always done 
under spinal anesthesia. For children and highly nervous adult patients, 
a general anesthetic is usually necessary. 

Surgical Treatment of Ureteral Anomalies 
DUPLICATION OF THE URETER 

The surgical treatment of double ureter is that required for the asso- 
ciated pathology. Hydronephrosis, infection, and stone are the most 
common complications. If the renal parenchyma is extensively infected, 
nephro- ureterectomy will be necessary. In cases of double kidneys, 
which present calculi, hydronephrosis, or infection of the supernumerary 
kidney, heminephrectomy is the operation of choice, providing the other 
segment on the same side is free of infection. If, however, either of the 
double kidneys is the site of a tuberculous infection, complete nephro- 
ureterectomy is advisable, if the kidney on the opposite side is competent, 
since heminephrectomy in such cases may leave a permanent fistula. 

A blind-ending accessory ureter bifurcating from a normal ureter 
usually requires resection in order to save the kidney from the effects of 
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back pressure and infection. The accessory duct is resected at its place 
of origin, in such a manner that there is some of the redundant tissue 
left in place, in order to prevent stricture-formation. If obstruction 
and infection have been prolonged, nephro-ureterectomy may be neces- 
sary. In a case reported by Vormann (1929) the patient had had pain 
for 12 years and had undergone 4 major operations — nephropexy, chole- 
cystectomy, appendectomy, and severance of "abdominal adhesions/' 
Resection of the accessory blind-ending ureter was followed by complete 
relief of pain. 


URETERS WITH EXTRA VESICAL OPENINGS 

Many forms of surgical treatment have been utilized for ureters 
opening extra vesically: ligation of the ureter, implanting the ureter into 
the bladder or intestines, anastomosing the pelves of double kidneys, or 
anastomosing ureter to ureter, or ureter to pelvis, nephrectomy or nephro- 
ureterectomy, heminephrcctomy or heminephro-urcterectomy. 

The choice of surgical procedure depends on the conditions in the 
individual case, namely, whether the ectopic ureter is single or from a 
duplicated kidney ; the location of the ectopic ureteral orifice; the amount 
of renal tissue drained by the accessory ectopic ureter; the presence or 
absence of infection or other pathological changes in any segment of 
either ureter or kidney; the function of the portions of the kidney and 
of the opposite kidney; and the distribution of the vascular supply to 
the two segments. 

In cases where the segment of kidney drained by the ectopic ureter Is 
doing only a small part of the total work of that side, and there is no 
infection, simply ligating the ureter through the vagina or by the ab- 
dominal route may suffice. 

An ectopic ureter may be reimplanted into the bladder (ureteroneo- 
cystolomy), either through the vagina or by the abdominal route — 
preferably the latter. Occasionally, a communication can be established 
between the ureter and the bladder with the cautery or electric cutting 
instrument through the cystoscope. Reimplantation of the ureter into 
the bladder is indicated when the ectopic ureter is that of a solitary 
kidney or the single ureter of a kidney that is worth saving. It is also 
indicated when the ectopic ureter drains half of a double kidney on one 
or both sides of the body, providing the segment of kidney is free of 
disease and has good function, and that the ureter itself is not distended 
or infected. 

Usually, in the case of unilateral or bilateral ectopically ending ureters 
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which arise from one half of a double kidney, the operation of choice is 
heminephrectomy, which can generally be done fairly easily, since the 
upper and lower poles nearly always have independent blood supplies. 
There is some difference of opinion as to whether or not a ureterectomy 
should be done with the heminephrectomy, although most operators feel 
that it should. 

In a majority of the reported cases of unilateral double ureter ending 
ectopically and corresponding to the two halves of a double kidney, 
complete nephrectomy was done. It may be possible, however, to re- 
implant one or both ureters into the bladder, if the opposite kidney is not 
adequate to carry on life, or if the double kidney on the involved side is 
wholly or partly worth saving. 

Nephro-ureterectomy is indicated in marked disease of the entire 
kidney, or in occasional cases where technical difficulties may make 
heminephrectomy impossible, or when other procedures fail — if there is 
a satisfactorily functioning kidney on the opposite side. 

Anastomosis — of pelvis to pelvis, ureter to pelvis, or ureter to ureter — 
is frequently a satisfactory method when other operations are not 
possible. 

Surgical Treatment of Stenosis of the Ureterovesical Orifice 

A congenitally stenosed ureterovesical orifice, or one constricted by 
scar tissue, which does not respond to attempts at dilatation, may fre- 
quently be enlarged through the cystoscope by means of cystoscopic 
scissors or the fulguration tip. If cold instruments are used, bleeding 
will have to be controlled by application of the cautery point. 

The orifice may also be enlarged through a cystotomy opening. The 
usual method is to cut the orifice through the vesical wall and into the 
adjoining wall of the ureter. The mucous membrane of the ureter is 
then sutured to that of the bladder. 

Another procedure is that of von Lichtenberg, The bladder is opened 
by suprapubic incision. A Reverdin needle is introduced into the 
ureteral orifice and carried up the ureter for a distance of from 2 to 3 
cm. (making certain to pass beyond the structured area), and the needle 
brought through the wall of both the ureter and bladder. A heavier 
suture is then passed by the same route but in the opposite direction. 
The two sutures are tied tightly enough to cause devitalization of the 
included tissue, with subsequent sloughing. In female patients, the 
suture ends are brought through the urethra; in males they must be 



OPERATIVE TREATMENT OF URETER 


1305 


brought out through a small suprapubic drain. In 7 or 8 days the suture 
will slough out, leaving a normal-appearing slit, which functions well 
as a ureteral orifice and shows no tendency to reform the stricture. 



Surgical Treatment of Noti-Calculous Obstructions at the Ureteropelvic 
Junction 

There is wide divergence of opinion concerning the treatment of 
obstructions at the ureteropelvic junction, due to the fact that the end- 
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results in plastic surgery of this region in the past have not been entirely 
satisfactory, particularly in children. In many of these cases, the de- 
struction of the kidney, from back pressure and infection, is such that 
only nephrectomy will avail. However, the purpose of renal and ureteral 
surgery (except in malignant disease and tuberculosis) should be to 
conserve all functioning kidney tissue, if this can be done with safety 
to the patient. Hydronephrosis, in particular, often lends itself to 
conservative surgery. Even when there is fairly marked dilatation of 
the pelvis and calyces and thinning of the cortex, the kidney may be well 
worth saving, and conservatism by plastic operation, rather than nephrec- 
tomy, is indicated in many cases. Hydronephrosis due to stenosis or 
other obstruction at the ureteropelvic junction frequently manifests 
itself early in life, and the conserved organ may prove a life-saving factor 
should disaster later befall the opposite kidney. 

Conservative surgery by plastic operation, rather than nephrectomy, 
is indicated (1) when the obstruction can be relieved by a plastic pro- 
cedure, (2) when there is enough functioning tissue to make the kidney 
worth saving, (3) in the absence of the opposite kidney or severe impair- 
ment of its function. 

Types of Operations. Many types of plastic operations have been 
suggested for hydronephrosis due to obstruction at the ureteropelvic 
junction, indicating the uncertainty with which this problem is ap- 
proached. 

The first deliberate conservative operation for obstruction at the 
ureteropelvic junction was probably that of Kuester (1891), who, in the 
presence of a hydronephrosis due to stenosis at the junction, resected 
the ureter below the stenosis and reimplanted it into the most dependent 
portion of the pelvis. This method has been used since, with but slight 
modifications, by von Lichtenberg, Wildbolz, W. C. Quimby, Walters, 
and others. Some of these technics employ end-to-end anastomosis and 
others sidc-to-side anastomosis, while the von Lichtenberg operation 
allows the cut end of the ureter to project into the pelvis for a short dis- 
tance, the latter being sutured about it like a cuff. The objections to 
ureteropycloneostomy are (1) the possibility of inducing a recurrence of 
the stricture at the point of anastomosis, and (2) the fact that it interrupts 
the continuity of the ureter with the pelvis, and may- hinder or inhibit 
peristalsis. Despite these criticisms, better results have been reported 
from resection of the ureter (using an oblique incision) and reimplanta- 
tion into the most dependent portion of the pelvis than from most other 
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methods. The work of Deming and his colleagues has shown that if the 
ureter intrudes about 2 cm. into the pelvis, stricture is less likely to result. 
We have employed both end-to-end anastomosis and the von Lichtenberg 
operation, with excellent results. Diversion of the urinary stream by 
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prolonged nephrostomy, combined with splinting of the ureter with a 
ureteral catheter inserted through the nephrostomy wound, are essential 
to the success of this procedure. 

In 1894 Fenger applied the Heineke-Mikulicz operation for pyloric 
stenosis to stenosis at the ureteropelvic junction. Although sometimes 
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successful, it frequently is followed by mechanical buckling of the ureter 
opposite the site of operation — a fact which has caused some surgeons to 
discard this operation altogether. Figures 289 and 290 show a case suc- 
cessfully operated upon by this method. 



Schwyzer (1923) used a Y-shaped incision on the ureter and pelvis to 
form a flap which was sutured down the ureter to enlarge the urctero- 
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pelvic outlet. He first divided the posterior surface of the upper inch 
of the ureter by a longitudinal incision, which was then prolonged up- 
ward upon the pelvis to form a V. The apex of the triangular flap of 
pelvic wall thus outlined was pulled down to the lower end of the incision 
in the ureter and closed as a V, thus widening the junction without 
interrupting the continuity of the ureter, or causing it to twist or kink. 

Foley (1937) modified this procedure by making the longiudinal in- 
cision on the lateral aspect of the ureter, and placing one limb of the V 
on the anterior surface of the pelvis and the other on the posterior surface. 
When these incisions are sutured, the pelvis is placed in a dependent posi- 
tion which promotes drainage. In neither of these operations is there the 
formation of spurs between the ureter and pelvis. 

Some success has followed the utilization of the Rammstedt pyloro- 
plasty type of procedure, which was first applied to the ureter by D. M. 
Davis (1933), and consists in cutting through the strictured ureteral wall 
down to, hut not penetrating, the mucosa, and permitting the incision to 
remain open. A large ureteral bougie or catheter should be left in the 
ureter for several days, to make certain that it remains open, and the pro- 
cedure should be combined with nephrostomy, for adequate drainage. 

Importance of Determining Exact Cause of Obstruction Before Institut- 
ing Surgery. The proper recognition and evaluation of the etiological 
factor or factors involved is the first requisite to successful surgical treat- 
ment of obstruction at the ureteropelvic junction. Most obstructions 
at this point, as we have previously seen, are due to one or more of the 
following conditions: (1) stenosis at the ureteropelvic junction, which 
may be (a) congenital or (b) acquired; (2) high insertion of the ureter; 
(3) hypertrophy of the ring muscle at the ureteropelvic junction; (4) 
kinking of the ureter; (5) aberrant renal blood vessels. Frequently more 
than one factor is responsible, and it may then be difficult to determine 
the primary cause and which factors are merely secondary. The presence 
of obstruction can be shown by pyelography, but the determination of 
the exact cause must usually be done at the operating table. 

Although the opinion still prevails that aberrant renal vessels are 
the chief cause of non-calculous obstructions at the ureteropelvic junction, 
much careful investigation has shown such vessels to be the primary 
cause in but a relatively small percentage of cases. Geraghty and Frontz, 
Gibson, O’Conor, Mclver, and Campbell have all found intrinsic stenosis 
to be the most frequent primary cause, and this has also been, our ex- 
perience. Undoubtedly many such constrictions within the ureter are 
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overlooked, particularly when an aberrant vessel or a fibrous band is dis- 
covered at operation. When stenosis and an aberrant vessel co-exist, 
both must be corrected to establish adequate drainage. Merely severing 
an aberrant vessel or fibrous band outside the ureter, while a constriction 
within the ureter — the actual cause of the obstruction — goes unrecog- 
nized and untreated, will not relieve the obstruction, which will persist 
until renal damage eventually requires nephrectomy. 

Henline and Menning have recently published a very complete study 
of 14 cases (4 of them bilateral) of non-calculous obstruction at the ure- 
teropelvic junction treated by operation at the Brady Foundation, of the 
New York Hospital, within the past 1^ years. In these 18 kidneys the 
following obstructive conditions were found at operation: 


Stenosis . 15: stenosis alone 9 

stenosis and aberrant vessels .3 

stenosis and kinking 2 

stenosis, aberrant vessel, and high in- 
sertion of the ureter 1 

High insertion of the ureter . ... 2: with aberrant vessel (no stenosis) ..... 1 

with aberrant vessel and stenosis 1 


Marked hypertrophy of the ring 
muscle ■ 1 : (lesser degree in others) 

Accessory renal vessels . .6: regarded as sole etiological factor in 

only ! (and that erroneously, the 
symptoms returning 6 weeks after 
severance of the vessel and pyelo- 
graros showing persistence of ob- 
struction) 

Even at the operating-table the diagnosis of ureteropelvic stenosis 
may present considerable difficulty. Often the external circumference 
of the ureteropelvic junction appears entirely normal, and one must then 
determine not the outer circumference, but the inner caliber of the ureter. 
When palpation leaves doubt regarding the caliber of the ureteral lumen 
at this pointy it is our practice at the Brady Foundation to follow the 
method suggested by Bidgood and Roberts, namely, after severing ad- 
hesions between the renal pelvis and the ureter, inject 10 to 20 cc. of 
saline into the renal pelvis with a fine needle (the amount depending on 
the size of the hydronephrosis), then observe the peristalsis of the pelvis 
and upper portion of the ureter. Delayed emptying, with the uretero- 
pelvic junction freed from all extrinsic obstruction, indicates that some 
obstructive condition exists at this point which should be corrected. 
When this procedure also fails to convince us that there is no intrinsic 
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narrowing, we examine the ureteropelvic junction through an incision 
made in the lateral wall of the ureter at this point. 

Reasons for Failure in Plastic Operations on the Ureteropelvic June* 
tion. Failures have been frequent in plastic operations for ureteropelvic 
obstruction (nearly 30 per cent of cases, Mathe). Lubash and Madrid 
have summarized the main reasons for failure as follows: (1) leakage of 
urine from the anastomosis and resulting infection, (2) tension on the 
repair, (3) puckering at the site of repair, (4) new stricture-formation in 
an area bathed by urine, (S) persistent infection within the kidney, (6) 
urinary fistula. 

Importance of Prolonged Nephrostomy Drainage and Splinting of the 
U reter. If success is to be hoped for in plastic operations on the uretero- 
pelvic junction, the above complications must be avoided. In this re- 
gard, Henline and Meaning emphasize the extreme importance of pro- 
longed nephrostomy drainage and splinting of the ureter. They state: 

Prolonged nephrostomy drainage relieves tension on the repaired area by diverting 
the urine and places the newly sutured area at rest. With nephrostomy drainage, 
only minimal amounts of urine seep through the repaired area, and thisforonlyashort 
time An attempt should be made to so place the nephrostomy tube that urine will 
readily drain through it, thus avoiding extravasation around the repaired area. Such 
leakage, when prolonged or excessive, tends to cause excess scar-formation, which later 
may contract to produce a narrow ureteropelvic outlet. 

Puckering at the site of repair may be avoided by selecting the proper type of re- 
pair. Renal infection usually can be controlled by prolonged nephrostomy drainage 
and the newer antiseptics. 

Splinting the ureteropelvic junction with a soft rubber catheter (No. 10, 12, or 
14-F.), placed through the nephrostomy wound and down the ureter, has been our 
customary practice during the past year. . In all cases, the splinting catheter was 
allow ed to remain in place for at least 6 weeks With adequate nephrostomy drain- 

age, very little urine seeps through the repaired ureteropelvic junction, and peri- 
ureteral fibrosis is kept to a minimum . Prolonged splinting permits the ureter to 
be well fixed in its new bed, with less likelihood of future contraction from the sur- 
rounding scar tissue. The lumen of the ureter is thus maintained to the size of the 
splinting catheter until the healing of the ureteropelvic junction is complete. 

Selection of Type of Operation. For stenosis at the ureteropelvic junc- 
tion, we prefer, in the majority of cases, to do a modification of the 
Y-plasty procedure first described by Schwyzer and later mudified and 
popularized by Foley. 

For high insertion of the ureter, we separate the ureter from the renal 
pelvis, remove the stenosed area when present, and reimplant the ureter 
into the most dependent portion of the pelvis. For this operation (ure- 
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teropyeloneostomy) we usually prefer an end-to-end anastomosis, but 
have also had success with von Lichtenberg’s method mentioned above. 

These two procedures — the Y-plasty operation and ureteropyeloneos- 
tomy — we have found to be the most satisfactory of the plastic operations 
devised for hydronephrosis due to ureteropelvic obstruction. Where 
there is a greatly redundant pelvis, prior to the performance of the 
Y-plasty, and occasionally of ureteropyeloneostomy, a portion of the 
redundant pelvis is excised. Aberrant vessels and fibrous bands are 
freed as indicated in each case. 

In the 14 cases from our service, reported by Henline and Henning 
(mentioned above), the following operations were done upon the 18 ob- 
structed kidneys: 


Ureteropyeloneostomy 3 : end-to-end anastomosis 2 

(In 2 cases, for high insertion of von Lichtenberg operation 1 


the ureter; in 1, for impassable 
stenosis requiring resection of 
upper ureter) 

Nephrectomy 2 

(For marked renal destruction) 

Severance of aberrant vessel 1 

(No other surgery dtemtd neces- 
sary; postoperative return of 
symptoms) 


Foley Y-plasty operation . . .. 12; also severance of aberrant vessel 2 

also freeing of kinks 2 

also resection of fibromuscular ring. ... I 


In every case where a plastic operation was performed on the ureteropel- 
vic junction, a nephrostomy drain (Malecot catheter) and a splinting soft- 
rubber ureteral catheter were allowed to remain in position for 6 weeks. 

Although this practice of prolonged nephrostomy drainage and splint- 
ing of the ureter in plastic repairs has been employed at the Brady Foun- 
dation less than 18 months, so that the end-results cannot as yet be 
proper/y evaluated', we Aave been greatly impressed with aar immediate 
postoperative results. Postoperative pyelograms and 30-minute delayed 
films have shown that, in every instance, the kidney has drained more 
promptly, residual urine in the pelvis has been decreased or completely 
eliminated, the kidney function has improved, and the symptoms haw 
been relieved. All of the 14 patients are free of infection except in 2 
cases ( Bacillus proteus), where stone-formation has occurred; both of 
these patients are symptom-free. 

When an aberrant blood vessel is the sole cause of obstruction , or is causing 
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obstruction in conjunction with ptosis or undue mobility of the kidney, 
satisfactory results may be obtained by freeing the ren^I pelvis and upper 
part of the ureter, severing the offending vessel after ligation, and restor- 
ing the kidney and ureter to their normal positions by means of a neph- 
ropexy. 

If the obstructing artery supplies a considerable area of kidney tissue, 
as proved by temporary compression, it will be necessary to do either (1) 
a ureteropyeloneostomy to circumvent the vessel, or (2) a plastic opera- 
tion employing resection of part of the redundant renal pelvis, with 
closure in such a manner as to draw the offending vessel into a position 
where it will not obstruct the ureter. 

H. H. Young (1932) put forward a method of resecting the renal pelvis 
in such a way that the ureter is drawn away from the aberrant vessel, 
thus doing away with the necessity of sectioning either the vessel or the 
ureter. Areas from the anterior and posterior walls of the dilated pelvis 
are excised. The pelvis is closed anteriorly in such a way as to draw the 
portion to which the aberrant vessel is attached upward and inward. 
The posterior wall is then sutured so as to draw the ureter upward and 
backward, using the Heineke-Mikulicz form of closure. A catheter is 
inserted in the ureter by being passed through a stab-wound in the pelvis. 
Additional drainage is furnished by a rubber tube sutured at the upper 
angle of the wound in closing. 

Hellstrom resects the excess pelvis and sutures the offending vessels 
above the ureter’s entrance to the pelvic wall; while Patch transversely 
severs the pelvis and re-sutures it on the other side of the anomalous 
vessels, above their level of entrance. 

Technic of Modified Foley Y-PIasty Operation. The kidney is ex- 
posed through the usual lumbar incision, freed from the surrounding 
fascia, and delivered into the wound. Adhesions between the renal pel- 
vis and ureter are severed, thus accurately exposing the ureteropelvic 
junction. The latter is carefully examined by inspection and palpation. 
If the outer circumference of the ureter at this point appears to be normal, 
but doubt exists regarding the inner caliber, 10 to 20 cc., or more, of saline 
is injected into the pelvis with a fine needle and the peristalsis of the 
freed ureteropelvic junction noted. If there is delayed emptying, with 
the adhesions severed, intrinsic stenosis is assumed to be present. If 
there is still doubt, the ureteropelvic junction is examined through an 
incision in the lateral wall of the ureter at this point. 

The upper part of the ureter is then freed. A Malecot catheter (usu- 
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ally No. 20 to 26-F.) is pulled through the lower calyx by means of a 
curved clamp inserted from the pelvis through the cortex. Alongside the 
Malecot catheter is placed a soft rubber catheter (No. 10, 12, or 14-F.) 
passed through the nephrostomy wound and pelvis and down the ureter, 
to a point well below the site of repair, to be used as a ureteral splint. 

A Y-incision is then made in accordance with the method of Foley, 
placing the longitudinal incision, or stem of the Y, on the lateral border 
of the ureter, one arm of the Y on the anterior surface of the pelvis, and 
the other on the posterior surface. The tip of the triangular-shaped flap 
of pelvic wall is sutured to the lower end of the ureteral incision by in- 
terrupted sutures of 0000 chromic catgut on an atraumatic needle, in- 
cluding all layers of the wall in the suture but attempting to get as accu- 
rate an approximation of tissue as possible. This leaves a Y-shaped 
draining ostium at the ureteropelvic junction, which promotes normal 
drainage. 

The kidney is returned to its fossa; one Penrose drain is placed at the 
site of the nephrostomy drainage and another at the site of the repair. 
The wound is closed in layers — the drains, nephrostomy tube, and 
splinting catheter being brought out near its posterior angle. 

Postoperative Care in Plastic Surgery on the Ureteropelvic Junction. 
Postoperatively, the Penrose drains are removed in 3 or 4 days. The 
nephrostomy tube and the splinting catheter are allowed to remain in 
position for 6 weeks to permit the repair and alignment of tissues to be- 
come complete. 

During this period, the urine is carefully checked as to,/>H and evi- 
dences of infection, It is preferable to have the urine of these patients 
on the acid side, because an alkaline infection, such as that due to the 
Bacillus proleus, may lead to the deposition of calcium. We try to eradi- 
cate infection by (1) the proper handling of the drainage tubes, (2) 
attempts to make the patient’s urine add either by diet or by ammonium 
chloride and mandelic add therapy, and (3) the use of chemotherapy, 
especially live sulfonamides, when necessary. Using the sulfa drugs in 
the wounds, as well as orally, has been most helpful in reducing infection 
in these cases. 

Almost weekly flat plates are taken to rule out the deposition of cal- 
dum. Pyelograms are made at varying intervals, usually 3 and 6 weeks 
postoperatively, after injecting contrast solution through the nephros- 
tomy tube. So long as there is evidence of extravasation of the contrast 
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solution outside the area of repair, the tube and splinting catheter are 
left in place. When healing is complete — usually within 6 weeks — both 
tubes are removed. As a rule, the renal sinus heals promptly — usually 
within 24 to 48 hours — indicating that the kidney is draining satisfac- 
torily. 

After the wound is healed, retrograde pyelographic studies are repeated, 
and the function and emptying time of the kidney carefully checked. 
These patients need very careful postoperative follow-up, and they 
should receive interval dilatations of the ureter, the intervals being gradu- 
ally prolonged with the patient’s symptoms and renal findings as a guide. 

Operative Treatment of Ureteral Injurie 
INJURIES FOLLOWING URETERAL INSTRUMENTATION 

Injuries of the ureter following instrumentation may be divided into 
two groups: (1) those in which the ureteral catheter or other instrument 
actually perforates the ureter (rare) ; (2) those where the ureter is cracked 
or split longitudinally, so that injected fluids rapidly seep out, as through 
a sieve (Injuries of the Ureter, p. 1232). The latter type of injury is 
fairly common, and may occur during any form of manipulation within 
the lumen when the tissues are irritated, edematous, or necrotic. 

Extravasation of urine from such a break in the ureteral wall is, of 
course, a grave accident which calls for surgical drainage. Otherwise, 
surgery plays but a small part in the handling of these cases. Suture of 
the traumatized ureter may occasionally be necessary; this is generally 
done with fine silk or catgut. The sutures (interrupted or simple con- 
tinuous) are carried through the outer and middle coats but not the 
mucosa. 

The introduction of an indwelling catheter has proved, on the whole, 
the most useful and practical treatment. Experience has shown that 
interruption of the continuity of the ureteral wall — even Jairly large slits 
and punctures — will heal, if given the support of a catheter which at the 
same time prevents leakage and diverts the urine from the edges of the 
wound during the healing process. In a series of 9 cases reported by 
Henline from the Brady Foundation for Urology, of the New York Hos- 
pital (1934), this simple expedient proved the best way of handling these 
ureteral injuries. 

As in many other types of medical practice, the best treatment of instru- 
mental ureteral injury is prevention. In exploring a ureter known to be, 
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or suspected of being, diseased, a stylet should not be used; or, if 
one must be used, it should never be extended to the tip of the catheter. 
All instrumentation should be conducted with the utmost deliberation 
and gentleness, and the dangers of rupture or perforation kept constantly 
in mind. 

URETERAL INJURY INCURRED DURING SURGICAL OPERATION 

The victims of this accident are generally women, as it most commonly 
happens during hysterectomy, particularly when done by the vaginal 
route. The ureter may be cut across so as to be completely severed; it 
may be perforated or cut at one point only; or, most frequent of all, it 
may be included in a ligature or suture so that the lumen is entirely 
occluded. 

Every attempt to repair the ureter, and thereby save its kidney, should 
invariably be made if the slightest prospect of success can be held out. 
When repair is promptly attempted, the percentage of cases where at 
least partial restoration of function has been demonstrated is encourag- 
ingly large. 

If the accidental inclusion of the ureter in a Ligature is recognized 
immediately after operation, it may be possible to reopen the wound, 
cut the ligature, and restore the lumen of the ureter by the introduction, 
through the cystoscope, of a ureteral catheter, which may be passed 
through the point where the ligature was tied up to the pelvis. The 
catheter should be allowed to remain for at least 24 hours. 

In an unusually interesting case reported by Brooks (1934) the patient 
suffered a double ligation during vaginal hysterectomy. In 24 hours the 
kidneys were enormously dilated. Nephrotomy, consisting of numerous 
“punctures” in the renal cortex, permitted the urine to drain out through 
a cutaneous opening, and after 4 or S days the sutures absorbed and 
urine began to flow from the ureteral orifices into the bladder. By the 
fifteenth day urination was norma?. 

If the ureter has been severed without loss of substance, anastomosis 
of the cut ends may be possible. Also, if the ureter has been too badly 
crushed or lacerated to give promise of healing, it may be possible to 
excise the lacerated portion and anastomose the remainder without 
exerting too much tension. If the injury is at or close to the vesical 
termination, the ureter may sometimes be freed from its normal implan- 
tation and reimplanted higher up on the bladder wall. The success 
of any method depends largely on the location of the injury, as tension 
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on the duct will vitiate the result and must always be avoided. If anas- 
tomosis or reimplantation cannot be performed without too great tension, 
and the opposite kidney has been proved capable of carrying on alone, 
the proximal end of the ureter is ligated and allowed to remain in the 
abdomen, and nephrectomy performed when the patient recovers from 
the shock of the primary operation. Needless to say, nephrectomy 
should be done only as a last resort, when repair by any method is im- 
possible. When renal function on the opposite side is poor, nephrostomy, 
ureterostomy, or transplantation of the ureter to the intestine must be 
considered. 

Anastomosis. Methods of joining a severed ureter are of two main 
types: (1) end-to-end anastomosis, and (2) invagination of the proximal 
segment into the distal segment. Fine silk or 00 chromic catgut is 
regularly used, the stitches passing through all the coats except the 
mucosal. Some methods require splitting of the distal end; others 
eliminate this, but require support of some kind until healing has taken 
place; while still others dispense with both splitting and support, as the 
invagination first suggested by Poggi and since modified by various 
operators. 

In Poggi's original technic , the distal end of the ureter is dilated with 
a special type of forceps. One or two pairs of traction sutures are placed 
through the proximal end — two needles upon a single thread, introduced 
approximately 2 mm. distant from one another in the same horizontal 
plane. From within the lower end of the proximal portion of the 
ureter the needles are brought out, about 3 mm. apart, and passed 
from within outward in the distal end, the same distance apart and about 
7 mm. to 1,3 cm. from the free end, so that they come out opposite the 
points where they were first introduced. The sutures are tied after 
traction has been exerted upon them sufficient to invaginate the proximal 
end into the distal end. Reinforcement of the invagination is accom- 
plished by including all the coats of the distal fragment, and the fibrous 
and muscular coats of the proximal fragment, by continuous or inter- 
rupted sutures applied about the line of junction. 

In Albarran's method, the divided ends of the ureter are brought into 
contact, and 3 non-penetrating Lembert sutures are set by pushing the 
needle from within outward, so as to “hinge together” the back of both 
fragments. A ureteral catheter is then passed from the bladder up to 
the renal pelvis, to serve as a support while the anastomosis is being 
made. Directly opposite the 3 sutures serving as hinges, an axial in- 
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cision is now made through the center of each lip of the ends of the 
ureter, just long enough to permit a slight increase in the caliber of the 
ureter when sutured in an axial line. Between the opposite margins 
axially-placed interrupted sutures are now set (without penetrating the 
mucosa); these, when tied, will not only join the fragments in a firm 
union, but will increase the size of the ureteral lumen, thus taking care 
of a possible reduction in caliber during the healing process. 

In Curtis's method , which has been much quoted, a ureteral catheter is 
passed into the cut ureter and the lower end brought out through the 
bladder and urethra. The two ends of the ureter are sutured together, 
taking care that the lumen of the ureter is not penetrated by the sutures. 
A second ureteral catheter is passed into the ureter above the point of 
anastomosis through a small slit; this is passed to the renal pelvis, its 
purpose being to divert the urine away from its regular course. This 
catheter is then brought out through a stab wound in the flank. Both 
catheters are removed after 10 days. The use of the first catheter as a 
splint makes it unnecessary for the joining to be absolutely water-tight, 
all that is essential being coaption of both ends over the catheter with 
the setting in of enough fine sutures to hold them in place, since the second 
catheter establishes a temporary ureterostomy and keeps the urine from 
the raw surfaces until healing takes place. - 

Reimplantation into the Bladder. If the ureter can be sufficiently 
extended, the severed end may be reimplanted into the bladder at a 
point higher up on the wall. The injured ureter is exposed through a 
Gibson “golf-stick” incision made along the outer border of the rectus 
muscle, its lower end being carried across the rectus toward the midline. 
The origin of* the ureter at the bladder is determined. The peritoneum 
is incised directly above the site of injury, and the ureter freed by blunt 
dissection from the peritoneum and connective tissue. The duct is then 
incised transversely, its distal end ligated, and dropped back into the 
abdomen. 

An incision is now made through all coats of the bladder wall, in line 
with the ureter’s original point of entrance but higher up, so that the 
shortened ureter can be drawn into It without undue tension. The end 
of the ureter may be carried through with long, very fine forceps; or it 
may be split for a short distance, a traction suture threaded through both 
fragments of the split, and carried into the bladder by a Revcrdin needle. 
Traction on this suture draws the -split end of the ureter within the blad- 
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Repair of Punctures or Incisions Involving Small Areas. Small in- 
cisions or punctures frequently heal merely by the use of an indwelling 
ureteral catheter, but occasionally may require suture (see Injuries Due 
to Instrumentation, p. 1315). 

Postoperative Care. We have utilized most of the recognized methods 
of reuniting a severed ureter, and Kirwin has spent much time in experi- 
mental work upon dogs in an endeavor to discover better ways of per- 
forming this delicate and important surgical operation. Our results, 
however, have never justified the belief that surgical repair can restore 
a severed ureter to its full normal function. All patients who have had 
a ureteral anastomosis should receive postoperative attention for a long 
period. The kidney drained by the anastomosed ureter should be care- 
fully watched and frequently tested as to its functional ability. The 
ureter should be dilated at intervals even if there is no immediate evidence 
of stricturing, as well as when a stricture has followed anastomosis, 
partial incision, or other incomplete injury of the ureteral wall. 

Operative Treatment of Ureteral Calculus 

The site of the impacted stone may be reached by several different 
approaches, depending upon the position it occupies. 

Stone in the Upper Ureter. A stone in the upper third of the ureter 
may be reached by a low kidney incision, with an extraperitonea! approach 
to the ureter. Exposure is by the anterior half of the usual curved in- 
cision made in the loin, cutting the internal oblique muscle and splitting 
the transversalis along the line of its fibers. All bleeding points should 
be secured before the ureter is exposed, after which retractors are placed 
so as to protect the peritoneum, and dissection carried down to the psoas 
muscle, avoiding injury to the accompanying blood vessels. A tape is 
passed under the isolated ureter, by means of which the duct is raised 
sufficiently to permit the operator to locate the stone and remove it 
thnwgh a small Jmj^ifudinal incision above its place of impaction. In 
cases where a stone is obstructing the ureter just below or at the uretero- 
pel vie junction, isolation of the ureter may permit pushing the stone back 
into the renal pelvis, whence it may readily be removed. This approach 
does away with direct incision into the ureter, with its chance of conse- 
quent ureteral narrowing. 

Another approach to a stone in the upper or middle third of the ureter 
is by an incision on the outer side of the rectus muscle, care being observed 
to avoid injury’ to the peritoneum. 
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Stone in the Middle or Lower Third of the Ureter. For stones located 
in the middle third or lower third of the ureter, the Gibson “golf-stick” 
incision or the suprapubic midline approach is preferable. The latter 
is preferred by most operators for stones in the terminal inch of the ureter. 
For stone impacted in the vesical end, in the male, Lowsley has devised 
a perineal approach, which is efficient under certain conditions. In the 



female, the vaginal route is employed, in certain cases, by numerous 
operators. 

For removing a stone (or incising a stricture) the ureter must be 
brought into the wound enough to make it easy to incise, but it is seldom 
necessary to strip away much of its connective tissue. Blood vessels, 
in particular, should be conserved with care. A small longitudinal in- 
cision is made in the ureteral wall. Since the incision should be placed 
in an area not already inflamed, it usually means that the stone must be 
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milked up or down for a short distance. The calculus is grasped with 
forceps and removed. A catheter or probe is passed to the renal pelvis 
and then to the bladder, to make certain that there is no stricture, kink, 
or other stone. A single catgut stitch passed through the wall of the 
ureter, but not into its lumen, will close the incision. Ordinarily, an 
incision of this sort heals readily, but one or more Penrose drains should 
always be inserted down to the point of incision. After 3 or 4 days the 
drainage of urine through the wound ceases, and the drain may be re- 
moved. 

Removal of Calculus Through the Perineum. In the male, a stone im- 
pacted in the vesical end of the ureter, which has resisted all efforts by 
means of cystoscopic manipulation to remove it, may sometimes be 
more easily extracted through the perineum than by the customary 
abdominal route, as suggested by Lowsley many years ago. This 
approach is not applicable to fat persons, nor to movable stones. 

With the patient in the exaggerated lithotomy position, and a sound 
in the urethra, a horseshoe-shaped incision is made in the perineum, the 
curve being above the bulbous portion of the urethra and the ends well 
to each side of the rectum. The incision is deepened through the central 
tendon, keeping close to the urethra, as far as the apex of the prostate. 
Here the recto-urethralis muscle must be incised to avoid tearing into 
the rectum, which might result if blunt dissection were attempted. 
Separating the levator ani muscle from the prostate, avoiding the rectum 
by continued dissection upon the genito-urinary organs, the posterior 
surface of the prostate is exposed. 

The sound is withdrawn, and a blunt-tooth retractor fixed at the base 
of the prostate, upon which sufficient traction is exerted to draw forward 
the prostate and seminal vesicles. The table, at this time, should be 
elevated considerably, as the wound is quite deep and the ureter is on 
the roof of the wound. The intervesicular fascia is then incised and 
drawn laterally, exposing the ampulla of the vas and the seminal vesicle 
of the affected side. With the rectum held down by a long, curve-backed 
retractor, the dissection is carried deeper, until the ureter is exposed at 
the point where it emerges just above the tip of the vesicle. It is iso- 
lated by blunt dissection and a tape passed around it, beyond the site 
of the stone if possible. By this, the ureter is drawn up into the incision, 
longitudinally incised, and the stone extracted. As suturing is extremely 
difficult at so great a depth, a cigarette drain is inserted at the point of 
incision, and the wound closed by drawing together the separated fibers 



OPERATIVE TREATMENT OF URETER 1323 

of the levator ani muscle, using plain catgut sutures. The outer skin is 
closed with silkworm gut. 

Dressings should be changed frequently during the first few days, as 
there will be considerable leakage of urine through the wound. In order 
to hasten healing of the ureteral wound, a catheter may be inserted 
through the cystoscope and left in position for a day or two. 

Vaginal Ureterolithotomy. Those who have had experience with 
vaginal ureterolithotomy commend it as a most satisfactory method for 
calculi impacted in the vesical and juxtavesical portions of the duct. 
The consensus of opinion is that this operation should be reserved for 
those cases in which the vaginal examination shows the stone to be 
readily palpable, and there is sufficient relaxation to permit adequate 
exposure. Advantages claimed for it are : (1) that it is a relatively simple 
method of removing a stone from a location which is frequently very 
difficult when other methods are employed; (2) it avoids an external 
incision; (3) it affords dependent drainage, should there be leakage; (4) 
it shortens the period of convalescence. 

The operation is performed as follows: With the patient in the li- 
thotomy position, the vagina is exposed by suitable retractors, and the 
cervix grasped with a tenaculum and pulled downward and to the op- 
posite side, thus drawing down the base of the bladder and the ureter. 
The stone is palpated, and an incision, about an inch long, is made 
through the vaginal wall, in the line of the ureter. The tension on the 
cervix is slightly relaxed, and the index finger of the operator inserted 
through the incision, separating the loose tissue by gentle pressure. The 
ureter and its contained stone can usually be recognized as soon as the 
finger is introduced. 

In order to prevent the migration of the stone upward along the ureter 
a blunt hook is placed above it, and by releasing the traction on the 
cervix and exerting traction gently on this hook, the ureter can be brought 
into the vaginal incision and the stone easily extracted through a longi- 
tudinal incision. Some operators, at this point, pass the cystoscope and 
insert an indwelling ureteral catheter for the purpose of preventing 
obstruction by any edema which may be induced. The ureteral in- 
cision may be left open, or sutured with 2 or 3 interrupted absorbable 
sutures passed through its outer layers. A small rubber tissue drain is 
placed down to the ureter, and the incision in the vaginal wall closed 
with a continuous suture. The drain is removed after 48 hours, and the 
catheter 24 hours later. 
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Preoperative Roentgenography. Operating- tab’e roentgenography is 
of great assistance in locating a stone and in following its migrations 
before surgical removal is attempted. Repeated x-ray examination 
should always precede operation in any event. More than once a stone, 
planned to be removed by the surgeon in the morning, has passed spon- 
taneously the preceding night. 

Ureterectomy 

The ureter, at the time of nephrectomy, is usually ligated as low down 
as possible, the cut end cauterized with carbolic acid followed by alcohol , 
and its lower portion dropped back into the loin. 

In certain cases of renal and ureteral tuberculosis, however, and in 
papillary carcinoma of the renal pelvis or ureter, complete removal of the 
ureter is advisable, either at the time of nephrectomy, or at a secondary 
operation. In the case of tumor, we now also resect or destroy by fi- 
guration the portion of the bladder wall immediately surrounding the 
orifice of the involved ureter. 

A method of removing the ureter is shown in figures 293 to 296. 

U retero-I nlestinal A nastomosis 

During the past decade the various operative procedures grouped 
under the general name of uretero-intestinal anastomosis, or implanta- 
tion, have received wide publicity and been performed under continually 
widening indications, with clinical results that have established this 
operation as a sound surgical procedure. The purpose of trans- 
planting the ureters into the bowel is to secure an exit for the 
urine, subject to control by the anal sphincter, in one who — because 
of congenital anomaly, accident, or disease — is unable to void by 
the natural route. The earliest indication was exstrophy of the bladder. 
In later years, diversion of the urine from the bladder has been under- 
taken because of intractable vesicovaginal fistula, or when disease has 
made disuse or removal of the bladder necessary, as in vesical malignancy 
or tuberculous cystitis, or when extensive traumatic injury to the bladder 
makes the retention of urine impossible. 

History. The first transplantation of the ureters into the large bowel 
was done by Thomas Smith, of England, in 1878. The operation was 
carried out in two stages, with an 11 months’ interval. The patient 
apparently did well after the first intervention, but, as no means of 
ascertaining separate kidney function was then available, the actual state 
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of the affected kidney could not be known. A few hours after the second 
transplantation the patient died in uremic coma. Autopsy showed the 
kidney on the side first operated on to be completely destroyed, presum- 
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ably by ascending infection. The opposite kidney was enormously 
hypertrophied, showing that it had been able to carry on the work of 
both sides until the second intervention interrupted it. 
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Despite this conspicuous failure, during the following two decades 
many further attempts were made to employ uretero-intcstinal implanta- 
tion for the relief of vesical exstrophy. Associated with occasional 
successes along this line are the names of Maydl, in German y, who made 
the first successful inlra peritoneal transplantation of the trigone, with 
intact ureters, into the sigmoid, thus preserving the sphincteric action 
of the ureteral orifices in the hope of preventing ascending infection; 


Fig 294 Ureterectomy (l) Ureter exposed. Treeing upper end of ureter by blunt dis- 
section. (2) Freeing vesical end of ureter. 

Bergenheim, in Sweden, who first utilized the principle of extra peritoneal 
transplantation into the rectum of each ureter, with a rosette of bladder 
wall about each orifice; Pozza, in Italy; and Peters, in Canada. 

However, it was not until 1911, when Robert C. Coffey, of Portland, 
Oregon, presented the first of his three technics, that any satisfactory 
means of solving this vexing problem became available. Though others 
have, from time to time, offered variations and adaptations, it is the 
fundamental principles of Coffey's technics which arc utilized at the 
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present time by most surgeons performing uretero-intestinal implan- 
tation. 

In the course of animal experimentation, Coffey observed that in 
birds and reptiles, which have a common cloaca for both feces and urine 
excretion, the section of this excretory' duct corresponding to the human 
pelvic colon was adapted for the collection of urine, while fecal material 



Fig. 295 Ureterectumy (I) Ureter freed down to bladder; bladder drawn upward by 
traction on ureter. (2) Placing purse-struig suture in the wall of the bladder around the 
ureter. (3) Shows method of placing suture around the ureter. 

regularly accumulated in another portion of the colon. Thus, the 
animal was able to excrete liquid and solid material separately, although 
both passed out through a common external orifice. Coffey, therefore, 
made his implantations into the pelvic colon, and in his two Jater technics 
he always adhered to this plan. It is notable that the few long-time 
successes now on record have been when this technic was employed. 
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One of Coffey’s most important contributions was to emphasize the 
necessity for some type of non*motile valve mechanism at the lower end 
of the transplanted ureter. This he accomplished by making the ureter 



Fig. 296. Ureterectomy. (1) Dividing the ureter near the bladder. (2) Inverting the 
stump of the ureter as the purse-string suture is tied. (3) Suture of rectus musc/e and rectus 
fascia. (4) SUn closure. 

run immediately under the loose mucous membrane for a distance before 
entering the intestinal lumen. He proceeded upon the conception that 
the passage of the fecal current would exert pressure upon the ureteral 
opening in the bowel wall, thus closing it against the downward passage 
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of feces. This would produce a valvular effect which would minimize 
ascending infection. Two fundamental objections prevented the gen- 
eral acceptance of the operation: (1) the difficulty of preserving uninter- 
rupted renal function while both ureters were being transplanted simul- 
taneously, (2) the high incidence of peritonitis following the operation. 
Twice in the course of his researches Coffey modified his procedure to 
overcome these objections — the first time, by tying catheters into the 
ureters, which permitted bilateral transplantation without fear of ure- 
teral obstruction; the second time, by using a transfixion suture through 
the ureteral wall and the mucosa of the bowel, depending upon necrosis 
to produce a fistula. 

Prior to the introduction of Coffey’s third technic, Kinvin — believing 
that an improvement in the operative results could be brought about if 
the ureteral orifices could be further removed from contact with the fecal 
current in the large bowel, and if some mechanism could be contrived 
to prevent the ascension of infection when no urine was passing down the 
ureter — elaborated an operation which provided an artificial tube, about 
3 cm. long, intervening between the end of the transplanted ureter and 
the fecal current passing through the large bowel. The intention was 
to afford a valvular action, lessening the likelihood of infection gaining 
access to the lumen of the ureter. This operation, performed experi- 
mentally upon dogs, proved unsatisfactory because the canal failed to 
epithelialize, and a stricture eventually formed at the site of implanta- 
tion, which favored, rather than retarded, the ascent of infection. 

Coffey’s Technics. (Technic I) The ureter is drawn into the inter- 
lamellar space immediately beneath the intestinal mucosa and its split 
end is dragged through an opening made in the mucosa at the caudal 
end of an intestinal incision and anchored inside the intestine, thereby 
bringing the open ureter into the intestinal lumen at the time of operation. 

(Technic II) A tube or catheter is fastened within the ureter by liga- 
tures which both seal the ureter against intestinal infection and anchor 
it to the catheter, after which the catheter is passed through an opening 
made in the mucosa at the caudal end of the intestinal incision, and is 
used to draw the ureter into the interlamellar space beneath the intes- 
tinal mucosa and through the opening in the mucosa into the intestinal 
lumen. The urine is transmitted from the upper ureter through the 
catheter into a receptacle outside the body. The anastomosis is com- 
pleted, and the open ureter exposed to intraintestinal pressure only after 
the intraintestinal end of the ureter sloughs and permits the catheter to 
come away, 8 to 10 days after operation. 



1330 


CLINICAL UROLOGY 


(Technic III) The ureter is brought into the interkmeUar space out- 
side the intestinal mucosa by an anchor stitch of chromic catgut, which 
fastens the end of the ureter in the angle of the caudal end of an incom- 
pleted intestinal incision. The anastomosis is gradually made by a 
tightly tied linen suture, which transfixes both the ureter and intestinal 
mucosa. The anastomosis is complete 3 to 4 days after operation. 

While seemingly simple, Technic III requires certain points to make it 
successful. These Coffey listed as: (a) The transfixion suture must 
penetrate the lumen of the ureter; (b) it must penetrate the intestinal 
mucous membrane; (c) it must be tied sufficiently tight to finally cut 
through all the tissues in its bite; (d) the ligated stub end of the ureter 
should be anchored by a separate catgut suture to the muscular and peri- 
toneal coats of the bowel. Technic III is especially adapted to patients 
having two good kidneys, such as children with exstrophy of the bladder. 
This technic was introduced shortly before the author’s untimely death, 
and most of its practical applications have been by others. For patients 
who are to undergo cystectomy, those with vesicovaginal fistula, and 
adults generally, Coffey favored transplantation by Technic II, the 
“tube technic,” because it could be done at a single sitting. Although 
Coffey considered Technic I outmoded by II and III, the fact that it 
was introduced 15 years earlier makes it still of great importance, for 
only by it can remote results be observed. Practically all patients oper- 
ated upon more than 8 years ago, who are now available for examination, 
were operated upon by this technic. 

Higgins’ Technic. The technic of Higgins, which is a modification 
of Coffey’s transfixion-suture method, is as follows: 

With the patient in a modified Trendelenburg position, the peritoneal 
cavity is opened and the peritoneum incised, permitting the ureter to be 
dissected free from its bed so that approximately 8 cm. may be isolated. 
After the point of transplantation into the rectosigmoid has been selected, 
an incision 6.5 cm. long is made with a sharp scalpel along one of the 
longitudinal bands through the serosa and muscle layers to the mucous 
membrane of the bowel, exercising extreme care not to penetrate the 
mucosa so as to enter the lumen of the bowel. By lateral separation 
of the serosa and muscle layers, a trough is made which later will receive 
the mobilized ureter. 

After the bowel has been returned to its normal position, the ureter 
is so grasped that kinking and tension are prevented when the operation 
is completed. The ureter is placed in the trough. One centimeter from 
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the lower angle of the incision in the rectosigmoid a silk suture is passed 
through the wall of the ureter which is in contact with the mucous mem- 
brane of the bowel. The suture is then carried through the intestinal 
mucous membrane as a mattress suture, and should always be put 
through the ureter before the bowel is entered, in order to avoid con- 
tamination. The mattress suture is tied quite tightly, after which the 
muscular and serous layers are drawn together over the ureter as it lies 
in the trough prepared for it. 

The ureter is incorporated in the bowel for a distance of 2.5 to 3 cm. 
In this position, pressure of feces or gas passing in the bowel closes the 
ureter but does not interfere with ureteral peristalsis nor the passage of 
urine into the bladder before a uretero-intestinal fistula is formed; and 
when the fistula becomes established it will in no way prevent the inter- 
mittent passage of urine into the bowel. 

The inner edge of the cut posterior peritoneum is stitched to the under 
surface of the outer edge, which is then sutured over the site of incision 
in the bowel that has previously been approximated over the ureter, 
restoring the peritoneal surfaces and placing the anastomosis behind the 
posterior parietal peritoneum. If this procedure appears likely to cause 
too great tension, the incision over the posterior parietal peritoneum 
should merely be drawn together, using No. 00 chromic catgut. The 
abdomen is closed in layers, without drainage. 

Jewett’s Method of Simultaneous Transplantation of the Ureters, 
Using a Special Electrode for Construction of the Uretero-intestinal Ostia. 
The electrode devised by Dr. H. J. Jewett for this operation is completely 
insulated except for a tiny aperture 1 cm. proximal to the tip of the beak, 
through which the cutting wire emerges when the lever is depressed. The 
cutting current thus reaches only the uretero-intestinal septum, and can- 
not burn the anterior ureteral wall. 

The operation, which was devised by Jewett particularly for cases of 
cancer of the bladder, is done iu two stages. 

First Stage. In the first stage, aseptic intestinal beds are developed 
for the ureters. 

The abdomen is opened through a left paramedian incision extending 
from just above the symphysis to the pubis. The patient is placed in the 
Trendelenburg position; the small intestines are packed off, and the 
ureters are identified crossing the iliac vessels. Each ureter is exposed 
by an incision through the posterior parietal peritoneum, extending from 
the iliac crossing downwards for 7 cm. A tape is placed around each 
ureter, which is gently freed throughout this distance. 
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That part of the sigmoid lying closest to each exposed ureter is the 
part selected for implantation, thus disturbing the normal relationships 
as little as possible. 

The coils of sigmoid are lifted out of the pelvis, and the rectosigmoid 
held straight. It is rotated to the right so that its anterior longitudinal 
band lies against the exposed right ureter. The proper site along this 
anterior band is now selected for implantation, and an incision 5 cm. long 
is made through the serosa and muscularis down to the submucosa. 
Holding the bowel with the left hand, the edge of the lateral flap of muscu- 
laris is picked up with smooth forceps and peeled away from the submu- 
cosa for a distance of 0.5 cm. The medial flap is peeled away for only 1 
or 2 mm. 

Three silk traction sutures are placed in the lateral flap of muscularis, 
one near each end and one in the middle. These are passed beneath the 
ureter which is held up with tape. Traction on the sutures, with gentle 
pushing on the bowel, serves to slide the lateral flap beneath the ureter, 
which now lies comfortably upon the intestinal submucosa. The two 
flaps are approximated over the buried ureter with a continuous suture of 
0000 chromic catgut on an atraumatic needle, but not so tightly as to 
squeeze the ureter at any point. The suture line is now extraperi- 
tonealized by drawing across it the lateral flap of posterior parietal 
peritoneum through which the ureter had been exposed. The flap is 
fixed to the sigmoid with 3 interrupted sutures of black silk, one just 
above the entrance of the ureter, one just lateral to its exit, and one mid' 
way between. The ends of the lowermost suture are left 0.5 cm. long to 
identify at the second stage the site of the ureteral exit. 

This fixation of the sigmoid by means of the posterior peritoneum 
Jewett regards as one of the most important steps of the operation. The 
weight of the sigmoid is prevented from stretching the ureter. At the 
same time the ureter is made to enter and leave the bowel wall without 
s-ogulation, and is extraperitonealized, except at its site of exit. 

Without tension on the uppermost fixation suture, the sigmoid above 
the anastomosis is now' swung across the pelvis to the left side. The an- 
terior band is rotated laterally to lie alongside the exposed left ureter. 
The proper site along this band is selected for implantation, which is done 
in a similar manner with one exception. The loop of sigmoid extending 
between the two implantations may sag toward the right side. This 
will shorten the left intramural bed unless the sigmoid is anchored se- 
curely to the posterior peritoneum below' the ureteral exit. 
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The omentum is now drawn down and the wound closed. Several stay 
sutures are used. 

At the end of this first stage, both intact ureters lie freely in the wall of 
the bowel without tension, torsion, angulation, or constriction. Bringing 
the anterior band of sigmoid down to each ureter by producing a smooth 
S-shaped curve in the sigmoid preserves the blood supply and innervation 
by eliminating extensive mobilization of the ureters. There is no com- 
munication between the ureteral and intestinal lumens, and the position 
of the ureters permits the urine to flow freely into the bladder, with which 
they are still connected. 

The ureters are now allowed to remain in their aseptic beds for at least 
3 weeks before the uretero-intestinal ostia are established. During this 
interval a union occurs between the ureter and the enveloping bowel 
wall, which obliterates the undesirable periureteral space and insures 
collateral circulation. Intramural periureteral fibrosis, which impedes 
ureteral peristalsis ancLdestroys the uretero-intestinal valve, is thus re- 
duced to a minimum, mid the future ostium is assured of a good blood 
supply. 

Second Stage. The second stage of the operation is carried out any 
time after the third week. The abdomen is opened through a long, low 
midline incision, and the patient placed in the Trendelenburg position. 
The small intestines are packed off, and the sigmoid is peeled away from 
the parietal peritoneum until the black silk fixation sutures come into 
view on each side. The ends of the lowermost suture, left long at the 
first operation, identify the site of ureteral exit from the bowel. The 
emerging ureter is followed downward for 3 cm., where it is divided 
between clamps. The lower stump is ligated, and the upper stump is 
carefully freed from its investments so as to afford ample exposure of the 
area immediately surrounding its intestinal attachment. Excessive 
traction on this emerging ureteral stump must be avoided, in order to 
prevent any separation of the ureter from the adherent intestinal sub- 
mucosa. 

A purse-string suture of oiled, medium silk is now placed in the wall of 
the sigmoid around the emerging ureter, and left untied. Moist Mikulicz 
pads are placed so as to isolate everything but the elevated ureteral stump 
and a few centimeters of attached bowel. 

This stump of ureter is held up with a damp and split for a short dis 
tance, and the especially insulated electrode is introduced. The beak of 
the instrument is palpated through the wall of the sigmoid and the direc 
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tion of the intestinal tunnel determined. The relationship of the beak to 
the cutting wire is fixed in mind, and the small aperture is pressed firmly 
against the underlying septum a little above the center of the purse-string 
circle. The smallest cutting current which produces a sharp, dean in- 
cision is turned on and the wire plunged into the intestinal lumen against 
countertraction exerted on the ureteral stump and traction sutures. The 
whole instrument is quickly advanced upward about 1.5 cm., establish- 
ing a widely patent uretero-intestinal ostium, which can easily admit the 
tip of a curved clamp. The cut must be made directly through the sep- 
tum into the intestinal lumen, and not tangentially, and must not extend 
so far upward as to open the ureter outside the bowel. 

The ureteral stump is now amputated between a catgut ligature and a 
damp, and the small, ligated end is inverted through the purse-string 
suture. 

The same procedure is carried out on the opposite side. The peri- 
toneum is then closed. 

Total cystectomy, when indicated, is carried out at this same sitting. 

The various stages of this operation are beautifully illustrated by Mr. 
William P. Didusch in Dr. Jewett’s original presentation of the procedure 
(Journal of Urology, November, 1942). 

Hutchins Extraperitoneal Method. The operation which we prefer in 
transplantation of the ureter is the extraperitoneal procedure devised 
by Doctors Amos and Ernest Hutchins, of Baltimore. 

A Gibson “golf-stick” incision is made along the outer border of the 
rectus muscle, from a point 5 cm. above the umbilicus down to a point 5 
cm. below the crest of the ilium, the lower end being turned across the 
rectus toward the midline This is deepened through the fascia, muscle, 
and deep fascia, and the peritoneum is pushed back and retracted. The 
ureter is identified and isolated at its lower end. It is severed on a bevel 
as low down as feasible and tied, the distal end being treated with car- 
bolic acid and alcohol. 

A 3 cm. incision is then made in the peritoneum, the sigmoid identified, 
and a small knuckle drawn through the incision in the peritoneum. A 
suitable place for the anastomosis is selected and a rubber-covered clamp 
is applied to this part. 

An incision is next made for 3.5 cm. through the muscular wall to, but 
not into, the submucosa of the sigmoid. The lower end of the ureter is 
buried in this gutter, leaving about 3 cm. of its end extending beyond the 
new bed. Beginning at the proximal end, the muscularis of the sigmoid 
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is closed over the ureter with a continuous atraumatic fine gut suture, the 
ureter traveling thus through the gut wall for about 4 cm. 

A purse-string suture is placed into the incision in the muscularis, but 
not tied. A suture is inserted in the beveled end of the ureter; a small 
incision is made through the submucosa into the lumen at the distal end 
of the gutter, and the lower end of the ureter is drawn through it and 
fixed to the wall of the intestine, as low down as possible, by making fast 
the catgut suture. The purse-string suture is then pulled tight and tied. 

The wall of the sigmoid is attached by a running suture of chromic No. 
0 catgut on an atraumatic needle to the entire edge of the peritoneal in- 
cision, thus extraperitonealizing the area of the transplant. The entire 
area is then sprinkled with sulfadiazine powder. A drain is placed down 
to the site of the transplant and the wound is closed in layers in the cus- 
tomary manner. 

After a suitable period of convalescence (usually 2 or 3 weeks), the op- 
posite ureter is similarly transplanted. 

Other Methods of Uretero -intestinal Anastomosis. Methods of im- 
planting the ureters into the bowel have been devised and successfully 
employed by Nesbit, Hinman, Poth, Winsbury -White, Wharton, and a 
great many others — 65 or 70 technics now being available according to a 
recent estimate of Wharton’s. The ideal procedure has not yet been de- 
vised, however, in spite of the many improvements of recent years. The 
operation must still be considered a grave one, and should be undertaken 
only when the cure or comfort of the patient absolutely demands it. 

Preoperative Preparation for Uretero -intestinal Anastomosis. The 
preparation of these patients for operation is of the utmost importance. 

Preliminary investigation of the upper urinary tract, including renal 
function studies, is, of course, essential. 

Chemotherapy, particularly with the sulfonamide drugs, plays an im- 
portant part in preparing the urinary and intestinal tracts. For the latter 
purpose, sulfaguanidine may be given orally for 4 or 5 days before 
operation. This drug, because of its poor absorption from the gastro- 
intestinal tract and its high bacteriostatic action against many of the 
bacteria which may occur there, is particularly useful in the prevention 
of infection in operations upon the bowel. The recommended dosage is 
0.05 Gm. per kilo of body weight orally every 8 hours, day and night. 
Sulfaguanidine is rapidly excreted by the normal kidney. 

Wharton recommends the use of sulfasuxidine in preparing the urinary 
and intestinal tracts for this procedure. A dose of 0.25 Gm. per kilo of 
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body weight is given daily for 3 to 7 days before operation. This daily 
dose is divided into 6 portions, given at intervals of 4 hours. Regarding 
the use of sulfasuxidine in the preoperative preparation of these patients, 
Wharton states: 

Sulfasuxidine has two distinct advantages: its low toxidty, and its two-fold action 
on the large intestine and urinary tract. It appears to be definitely less toxic than any 
other sulfonamide. Also, it greatly reduces the bacterial content of the large intestine, 
with respect to E. coli and the dysentery organisms (Shiga, Flexner, Sonne). It is 
not effective against B. typhosus, paratyphosus, alpha streptococcus fecalis or B. 
proteus. It is also excreted in part as sulfathiazole by the kidneys, so that a urinary 
concentration of 50 mg. per cent is usually attained. This is a mild prophylactic 
dose. ... As a urinary antiseptic, sulfasuxidine is probably not as effective as sulfa- 
thiazole and one cannot get as high level in the urinary tract. We see no reason 
why both should not be used together in these cases. Sulfathiazole, however, has no 
action on the intestinal tract. 

Accompanying the sulfa drug, irrespective of which compound is used, the 
patient should take 1 gm. of sodium bicarbonate in order to prevent the 
formation of crystals in the urine, which might cause serious obstruction 
of the transplanted ureters. 

For 48 hours prior to operation, the patient is kept on a liquid diet, and 
the bowel is cleaned out by means of soapsuds enemas. » 

Postoperative Care. Sulfonamide therapy is also very valuable after 
operation, in preventing infection in the intestinal and urinary tracts. 
It should be continued for from 7 to 10 days, in the same dosage as pre- 
operarivdy. Sulfaguanidine, as noted above, is effective in the intestinal 
tract but of slight value in the urinary tract; sulfasuxidine is claimed to 
be very effective both in the large intestine and in the urinary tract. 
Siilfathiazole and sulfadiazine, in conservative doses (2 Gm. a day in 
divided doses), are very useful in preventing and combating infection in 
the urinary tract. One Gm. of sodium bicarbonate should be taken in 
conjunction with the sulfa drug, to prevent crystallization. 

Fluids should be forced after uretero-intestinal anastomosis for 3 
reasons: (1) to prevent crystallization of sulfonamide in the urinary 
tract, (2) to relieve toxidty, and (3) to prevent urine infection. These 
patients should take about 3,000 cc. daily of fluids, which may be given 
by the most available route. 

Most surgeons leave a rectal tube in position for 8 to 10 days post- 
operatively, a close watch being kept to see that the tube does not become 
obstructed by fecai matter. Keeping a rectal tube in position (1) decom- 
presses the bowel, (2) gives information as to the amount of drainage from 
the kidney, and (3) prevents leakage through the anastomosis. 
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Remote Results of Ureteral Implantation. The increasing popularity 
of cystectomy, with transplantation of the ureters to the bowel, is un- 
doubtedly due to the excellent immediate results which attended the later 
operations of Coffey and the work being done at present in several of 
the large surgical clinics throughout the United States. Of the remote 
results we cannot yet judge, because the marked improvements in 
technic are still too recent to permit sufficient periods of observation. 
However, patients with benign conditions who survive the operation — 
particularly young, otherwise healthy subjects — may be expected to live 
an indefinite period. It is claimed that some patients have been under 
observation from 10 to 15 years without showing any signs of renal 
sepsis (Higgins). Autopsies upon anastomosed patients, however, have 
almost always shown a considerable degree of urinary-tract infection 
and its consequences. Some patients have died as a direct result of 
this urinary-tract disturbance as long as 15 years after the operation 
was done. 

Excretory urography has been of great assistance in the examination of 
such cases. What we are interested in is not only the immediate result, 
but the ultimate functional result. How well does the ureter function in 
its new position? What is the effect upon renal function — not one day, 
or a month, or even a year later — but many years thereafter? A child 
operated upon by Buchanan was seen in manhood by DeWitt G. Richey, 
suffering from a left-sided pyonephrosis and perinephritic abscess. He 
recovered from operation on this side, but when, 3 years later, identical 
pathological conditions developed upon the right side, he succumbed 
during the second operation. In opposition to this, Hinman saw a girl, 
aged 17 years, who had been subjected to intraperitoneal implantation at 
the age of 5 years. Excretion urography showed normal outlines for 
both kidneys and no evidence of ureteral dilatation on either side. The 
gfri was perfectly well, and carrying on the normal activities of a high 
school student. 

Bollinger and Walker-Taylor, of Australia, kept a dog, which had been 
operated upon by Coffey’s “tunnel method” for almost 3 years after 
the operation was performed. The animal’s blood urea was high for 
the entire period, but he appeared otherwise in good health until the 
last month, when he rapidly failed and died of uremic poisoning, which 
autopsy showed to be the direct result of the ureteral implantation. 

Despite the hazards and difficulties attending the operation, and the 
unsatisfactory remote results, it is our opinion that ureteral implantation, 
properly carried out, is a most valuable procedure that has given extended 



1338 


CLINICAL UROLOGY 


life and happiness to many. & suitable cases, where the patient’s 
general systemic state is such as to give a reasonable hope that he can 
survive for any length of time, it should certainly be undertaken when 
indicated. 
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CHAPTER XXXVI 

EMBRYOLOGY, ANATOMY, ANOMALIES, AND 
PHYSIOLOGY OF THE KIDNEY 

A. Embryology of the Kidney 

Three successive sets of excretory organs develop during embryological 
life: the pronephros , mesonephros, and metanephros. These, however, 
are not distinct entities, but are progressing generations of development 
of one and the same organ. AH three kidneys are aggregates of uri- 
niferous tubules, which arise from the mesoderm of the intermediate cell 
mass (nephrotome) and show, more or less, the same structural plan. 
The pronephros is functional in the larval stage of amphibia and fish, 
the mesonephros being the permanent kidney of these animals. In man, 
the pronephros and mesonephros are transient, and degenerate except 
for a small portion of the latter, which is taken up in the development 
of the genital apparatus. The metanephros develops in part from the 
mesonephros and in part as an independent organ, and persists as the 
permanent kidney in man. 

The Pronephros. The pronephros in man is transitory- It consists 
of about 7 pairs of pronephric tubules, which have their origin as solid 
buddings from the dorsal surface of the nephrotomes of the seventh to 
the fourteenth primitive segmental stalks. From each evagination a 
cord of cells grows dorsolaterally toward the ectoderm of the body wall. 
This solid cord subsequently hollows out. As it approaches the ecto- 
derm, it turns caudad, and, reaching a similar outgrowth from the 
nephrotome of the succeeding segmental stalk, fuses with it. By this 
fusion there is formed on each side a longitudinal collecting duct — the 
pronephric (wolffian) duct , which extends the entire length of the embry- 
onic body cavity and is connected with each primitive segmental stalk 
by a transverse pronephric tubule. One end of each pronephric tubule, 
therefore, opens into the collecting duct, while the other opens into the 
primitive coelom. These tubules of the various segments do not appear 
simultaneously, but are formed in craniocaudal sequence. The earliest 
tubules begin to degenerate before the last in the series appear. 

Starting from the collecting duct, each fully developed pronephric 
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tubule is made up of a principle tubule, an internal proncphric chamber, 
and a nephroslotne — the ciliated opening into the coelom. Mesial to each 
nephrostome a glomerulus projects into the coelom; this, lying outside 
the tubule, is called an external glomerulus . The afferent branches of 
the glomeruli arise from the dorsal aorta. 

No pronephric tubules are developed caudal to the fourteenth seg- 
ment; but the free end of the collecting duct, by a process of growth at 
its termination, extends caudad beneath the ectoderm, taking a direction 
lateral to the nephrogenic cord. As growth continues, the collecting 
duct eventually reaches the cloaca and pierces its lateral wall. Thus 
are formed the paired primary excretory ducts, at this time called the 
pronephric ducts. 

Pronephric tubules have been found in embryos of 1.7 mm. length, 
with 9 or 10 primitive segments. In embryos of 2.5 mm., all the tubules 
have developed and have united to form the primary collecting duct. 
At a length of 4.5 mm., the collecting duct has reached the wall of the 
cloaca, and at 6 mm. will usually have penetrated it. All the pronephric 
tubules have degenerated by the 5 mm. stage, degeneration occurring in 
a craniocaudad direction. 

The pronephric duct persists, and its caudal portion becomes the duct 
of the mesonephros, or second fetal kidney. 

The Mesonephros. The mesonephros (wolflian body) is larger than 
the pronephros and located farther caudad. While it resembles the 
pronephros in that it consists of a series of tubules each of which at one 
end is related to a knot of blood vessels and at the other end opens into 
the primary excretory duct (now known as the mesonephric duct), it 
differs from it in four important particulars: (1) The glomerulus indents 
one end of the mesonephric tubule, and excreta from the blood pass 
directly into its lumen; (2) the nephrostomes are transitory and never 
open into the mesonephric chamber; (3) there is more than one tubule 
to a segment; (4) the tubule is differentiated into secretory and collect- 
ing portions. 

The mesonephric tubules arise, with little or no segmental arrangement, 
from evaginations of the nephrogenic cord, caudad to tile pronephric 
tubules. Two or three, or even more, correspond to the extent of a single 
segment. The first tubule primordia are present in embryos of 2.5 mm. 
length, in segments 13, 14, and 15. These hollow out, and from the 
lateral surface of each vesicle a solid cord of cells grows out to meet the 
pronephric (mesonephric) duct, which lies lateral to the nephrogenic cord. 



ANATOMY AND PHYSIOLOGY OP KIDNEY 1345 

These solid cords gradually canalize and become S-shaped. In the 
meanwhile, the free vesicular end of the tubule enlarges, becomes thin- 
walled, and forms Bowman's capsule, which is indented by a knot of 
arteries forming a glomerulus. 

A complete mesonephric tubule, therefore, consists of a mesonephric 
(malpighian) corpuscle (Bowman’s capsule and a glomerulus) and a coiled 
tubule, which is differentiated into a distal secretory portion and a proxi- 
mal collecting portion that connects with the mesonephric duct. 

Degeneration of the first formed mesonephric tubules commences at 
about the 5 mm. stage. As this degeneration progresses at the cranial 
end, the formation of new tubules goes on caudally. At 10 mm., rapid 
degeneration of the tubules takes place. Of 83 pairs of mesonephric 
tubules which have formed, only 21 pairs remain at the 21 mm. stage. 

Until the embryo is 4.5 mm. long the excretory duct has no lumen, 
but thereafter traces of a lumen begin to appear, and at 7 mm. length 
the canal has become patent throughout, so that there is free communica- 
tion with the cloaca. 

The mesonephric arteries originate when the embryo is about 5.3 mm. 
long. They arise from the ventro-lateral face of the aorta, whence they 
run into the mesonephric corpuscles, where they end in a circular enlarge- 
ment. Cranially, there may be seen a single artery in each segment, or 
in two or three segments, but as the caudal end is approached the number 
of arteries increases, and as many as four may sometimes be found in a 
single lumbar segment. While some of these vessels degenerate, those 
originating between the sixteenth thoracic and the third lumbar segments 
persist, eventually taking their places in the permanent renal arterial 
system as the phrenic, suprarenal, renal, accessory renal, internal sper- 
matic, and accessory spermatic arteries. The mesonephric vessels are 
also the origin of those arterial branches which extend to the lymph 
nodes and the sympathetic ganglia that lie in the region between the supe- 
rior and inferior mesenteric arteries (Felix). 

The Metanephros. The chief parts of the metanephros, or permanent 
kidney, are the renal corpuscles (glomeruli and their associated Bowman’s 
capsules) and two sets of tubules — secretory and collecting. 

Like the mesonephros, the metanephros has a two-fold origin. The 
collecting or afferent portion (ureter, pelvis, calyces, and collecting 
tubules) arises from the mesonephric duct. The secretory tubules and 
Bowman’s capsules arise from the caudal end of the nephrogenic cord, 
which becomes separated from the more cranial end and is now' called 
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the metanephrogenic blastema. The secretory portion, therefore, has an 
origin similar to that of the mesonephric tubules. Subsequently, the 
secretory and collecting portions unite into a continuous tubule. 

Development of the Ureter, Pelvis, Calyces, and Collecting Tubules. 
In embryos of 4.S to 5 mm. length, a tubular bud appears on the dorsal 
wall of the mesonephric duct where it bends ventrally to join the cloaca. 
This is the melanephric bud or ureteric bud, the anlage of the collecting 
system of the permanent kidney, and is the earliest primordium of the 
metanephros (Embryology of the Ureter, p. 1208). The ureteric bud 
grows at first dorsally, then cranially. Its proximal, elongated portion 
is the ureter, while its distal end expands into the primitive renal pelvis. 
As the ureteric bud grows cranially, it impinges upon and pushes against 
the metanephrogenic blastema, which forms a cap about the primitive 
renal pelvis. With elongation of the ureteric bud, the metanephrogenic 
cap is carried cranially until, at about the fifth week (13 mm. length), 
the entire mass lies in the mesoderm dorsal to the mesonephros, opposite 
the second lumbar segment. This is the definitive position of the renal 
pelvis. Thereafter, the kidney enlarges cranially and caudally without 
changing its position. The ureter elongates as the embryo grows in 
length. 

The formation of collecting tubules of the first order begins, when the 
embryo is from 8 to 10 mm. long, by an outgrowing of two evaginations— 
a caudal and a cranial— from the primitive renal pelvis into the meta- 
nephrogenic tissue. Two more soon develop between them. By the 
first two, the kidney acquires its poles; the intervening two — ventral 
and dorsal, respectively— correspond to the middle of the renal pelvis. 
The distal end of each primary tubule enlarges to form an ampulla, 
and from the ampullae two to four secondary tubules grow out. These 
in turn develop ampullae from which tertiary tubules arise, and this 
branching process continues through the fourth month, when 12 or more 
generations of tubules have been developed. 

During the developmental period the pelvis and the primary and 
secondary tubules enlarge greatly. The cranial and caudal primary 
tubules become the major calyces, and the secondary tubules opening 
into them form the minor calyces. In time, the third and fourth genera- 
tions of tubules are absorbed by the walls of the minor calyces, so that 
the tubules of the fifth order open into the minor calyces as papillary 
duels. The remaining generations of tubules elongate and persist as 
the straight collecting tubules found in the medulla of the adult kidney. 
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and also project into the cortex as the pars radiata {medullary rays ; 
cortical rays). The groups of convergent tubules opening into the papil- 
lary ducts, together with the secretory portions of these tubules, con- 
stitute the renal pyramids, the apices of which project into the renal 
pelvis while their bases lie peripherally in the cortex. From 20 to 30 
papillary ducts open on each renal pyramid. 

Development of the Renal Cortex. The secretory or glandular portion 
of the kidney has its origin in a mass of mesodermal cells arising from 
the isolated caudal portion of the nephrogenic cord. This is called 
the metanephrogenic blastema. The cap which it forms over the ureteric 
bud is at first very thin, and is still further attenuated by the expansion 
of the ureteric bud which forms the primitive renal pelvis. Cell multi- 
plication is so rapid, however, that the tissue soon becomes very 
dense. 

The metanephrogenic tissue is carried peripherally by the develop- 
ment of the collecting tubules. With the outbudding of the four pri- 
mary tubules from the primitive renal pelvis, the surrounding meta- 
nephrogenic tissue is subdivided into a similar number of parts, which 
envelop the ends of the tubules. As new generations of tubules form, 
each mass of metanephrogenic tissue increases in amount and is further 
subdivided into as many fragments as there are peripheral collecting 
tubules. In this way it forms a peripheral envelop about the ends of 
the branches tributary to a primary tubule. Thus are formed the pri- 
mary pyramids, each ureteric "tree” with its metanephrogenic cap being 
regarded as a renal unit. The apices of the pyramids, through which 
the papillary ducts open into the calyces, are called renal papillae. Later, 
the primary pyramids are subdivided into secondary and tertiary pyra- 
mids. So closely are these pyramids packed together that their caps 
come to have the appearance of a single tissue enveloping the entire 
kidney. This metanephrogenic tissue forms the renal cortex. 

Each mass of tissue, covering the tips of the tubules of a pyramid 
peripherally, is marked off on the surface of the kidney by grooves, 
differentiating the space which each pyramid occupies, and this results 
in a certain amount of lobulation of the surface. This lobulation may 
persist for several years after birth, but normally the human kidney is 
not lobulated in the adult, as is the case with lower vertebrates and 
some mammals. 

The metanephrogenic tissue dips down between the pyramids toward 
the pelvis, forming the renal columns (of Berlin). The pars radiata , as 
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already explained, results from the projection into the cortex of the 
basal ends of the collecting tubules. 

The uriniferous tubules take their origin from the compressed meta- 
nephrogenic tissue. At about the 13 to 20 mm. stage, the metanephro- 
genic tissue about the tips of the collecting tubules condenses into small 
spheres of cells that lie in the angle between the buds of the collecting 
tubules and their parent stems. One sphere is formed for each new 
tubule. Each spherical mass is soon transformed into a vesicle with an 
eccentrically placed cavity. The thick distal wall of the vesicle elon- 
gates and forms an S-shaped secretory tubule, which unites above with 
the ampulla of the corresponding collecting tubule, establishing a con- 
tinuous lumen. The thin proximal wall of the vesicle becomes Bow- 
man’s capsule , the primordium of which arises by an invagination of 
the wall of the vesicle directed away from the collecting tubule. 

The peculiar and definite structure and arrangement of the uriniferous 
tubules of the fully developed kidney are derived from this S-shaped 
anlage. Beginning with Bowman’s capsule, each fully formed tubule 
contains a proximal convoluted portion, a U-shaped loop (of Rente) with 
descending and ascending limbs, a connecting piece, and a distal con- 
voluted portion continuous with the collecting tubule. The slightly 
U-shaped middle limb of the S-shaped anlage bulges into the concavity 
of Bowman’s capsule, which .has been formed by differentiation of the 
lower portion of the lowest limb. The upper part of the lowest limb, 
by enlargement, elongation, and coiling, becomes the proximal convoluted 
tubule. The lower part of the middle limb forms the primitive loop 
of Stoerck; its base gives rise to the connecting piece; and the remainder, 
with the upper limb of the S, forms the distal convoluted tubule. The 
primitive loop of Stoerck becomes converted into Henle’s loop during 
the fourth fetal month. It also includes a portion of the proximal 
convoluted tubule. 

The first generation of uriniferous tubules is to be found in embryos 
of from 33 to 20 mm. length; the second in embryos of 20 to 30 mm.; 
the fifth to eighth generations in embryos of 120 to 150 mm. New-born 
children have from 10 to 14 generations. The formation of the urinifer- 
ous tubules is not completed at the close of fetal life, bu t persists into the 
first days of postnatal life. Children up to the third month have from 
14 to 18 generations of tubules. 

The renal corpuscle is comprised of Bowman’s capsule and its con- 
tained glomerulus. The arterial invasion of the invaginated portion 
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of Bowman’s capsule occurs at about the 28 mm. stage. At first the 
concavity of Bowman’s capsule is shallow, but as development proceeds, 
the walls of the capsule grow about and enclose the arterial loops of the 
glomerulus, leaving only an opening sufficient for the arterioles to enter 
and emerge. 

The renal capsule is a rather late development, being first distinctly 
differentiated at the 70 mm. stage. Although the anlage of the ureter 
and the outgrowing collecting tubules are initially surrounded by an 
envelop of connective tissue, there is no organization of this tissue into 
a definite capsule until the fetus has attained this length. 

Rotation of the Kidneys. The kidneys grow progressively upward 
until their upper poles are in the region of the mid-lumbar segments. At 
this point they rotate on their long axes in such a way that each hilum 
is directed toward the median line. Certain anatomists maintain, how- 
ever, that even when the kidney has reached its final position, so that 
its poles become truly upper and lower, the hilum remains directed 
toward the ventral wall of the abdomen, and that it is not until the fourth 
and fifth months that the hilum assumes its permanent form and 
position. 

Development of the Permanent Renal Blood Supply. Mention has 
already been made of certain arteries which persist from the mesonephros 
to form part of the permanent renal vascular system. 

Embryologists are not in accord as to the exact origin of the renal 
blood supply, or the manner in which it develops. In general, it is 
derived directly from the aorta, or, less frequently, from the suprarenal 
artery. Because of the clinical importance of aberrant renal blood ves- 
sels, more study and literary consideration have been given to the fetal 
vascular supply of the kidney than to that of any other fetal organ. 

The older views are those enunciated by Broman (1906), who held 
that all the permanent renal vessels are survivals of the mesonephric 
stage of development. Bremer (1915), writing on the origin of the 
arteries of the kidneys and other viscera, claimed that there is an absence 
of specificity in the developing channels of this visceral network. In- 
stead of being predestined to supply the intestines, the mesonephros, 
etc., the ultimate supply of an individual organ is governed merely by 
mechanical convenience. New sprouts, frequently sent out from the 
aortic endothelium, branch and intercommunicate, both vertically and 
horizontally, and from these intercommunicating channels any one of 
several paths may become a permanent vessel. Thus, multiple renal 
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arteries represent the persistence of several sprouts of the aorta, with 
which the spermatic and the suprarenal vessels may remain connected. 
Similarly, an extra renal branch of the iliac, inferior mesenteric, or 
middle sacral artery, or of the aorta distal to the inferior mesenteric 
artery (likely to occur in association with pelvic kidney), represents a 
persistence of the more caudal elements in the anastomosis (Anson, ct at). 

Numerous capillaries were found by Broman in the early metanephric 
tissue, some of which he traced to the posterior cardinal veins, while 
others took origin in the venae revehentes of the mesonephros. This 
suggested the possibility of a renal portal circulation in the early meta- 
nephric stage of mammals, similar to that known to exist in adults of 
lower vertebrates and in the embryos of the higher orders of vertebrates. 

Jeidell, studying pig embryos, confirmed the existence of an abundant 
capillary supply for the renal anlage, but was unable to prove a renal 
portal current, because she clearly saw several sources whence the renal 
plexus might take origin. The aorta, after giving off the right and left 
hypogastric arteries, continues caudal and medianward as the small 
sacralis median artery, which gives off, besides the usual dorsal seg- 
mental branches, (1) several ventral branches which form a plexus in 
the region of the ureter, cloaca, and hind-gut, and (2) a number of small 
lateral branches which form a plexus on the ventral surface of the sclero- 
meres. Direct connections exist between each of these plexuses and the 
renal plexus. There are thus two arterial sources for the early meta- 
nephric capillary plexus— one from the inferior mesenteric artery and 
the other from the median sacral artery. The connections with the 
inferior mesenteric vein accompanying the corresponding artery at the 
border of the colon and the efferent wolffian body veins constitute two 
paths for drainage for the upper pole of the mesonephros. 

These observations confirm the belief that the kidney has abundant 
vascular connections during its entire period of development, from the 
time it begins to ascend and rotate up to its definite fixation in its perma- 
nent position within the abdominal cavity. 

B. Anatomy of the Kidney 

Size: Shape: Position. The kidneys are paired bean-shaped organs 

averaging, in the adult, 10 to 11 cm. in length, 5 to 7.5 cm. in width, and 
2.8 cm. in thickness. They are situated in the posterior part of the 
abdominal canty, in shallow depressions on each side of the vertebra! 
column, behind the peritoneum. The long axis of each kidney is directed 
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downward and laterahvard; the transverse axis backward and lateral- 
ward. Their convex lateral aspects face toward the bod)' wall on each 
side, and their concave medial borders toward the vertebral column 

In the adult, the kidneys lie about 1 inch from the midline at the level 
of the last dorsal and the first 2 or 3 lumbar vertebrae. The left kidney 
usually lies as high as the upper border of the eleventh rib, while the 
right reaches the lower border of the eleventh rib. The upper poles of 
both kidneys He in contact with the diaphragm, and during’inspiration 
the kidneys descend about an inch. The kidneys of children lie lower 
than those of adults. In the female, they lie slightly lower than in the 
male. In both sexes, the right kidney usually is situated from 1 to 2 cm. 
lower than the left, being displaced slightly downward by the liver. 

Anteriorly, the kidneys are partly covered by peritoneum. The left 
kidney is in relation to the left suprarenal gland at the upper part of 
the medial border. Its anterior surface is in relation with the postero- 
inferior surface of the stomach and with the spleen, pancreas, splenic 
flexure of the colon, and a portion of the small intestine. The areas in 
contact with the stomach, spleen, and small intestine are covered by 
peritoneum; the others are devoid of peritoneum. 

The right kidney is in relation with the right suprarenal gland at its 
upper extremity. Anteriorly, it is in relation with the right lobe of the 
liver, the descending part of the duodenum, hepatic flexure of the colon, 
and, at its lowest part, with a portion of the small intestine. The areas 
in contact with the liver and small intestine are covered by peritoneum. 

The posterior aspect of the kidney is directed backward and medial- 
ward. It is entirely devoid of peritoneum, and is held firmly against 
the musculature of the posterior abdominal wall. 

The niche in which the kidney lies is bounded posteriorly by the quad- 
ratus lumborum muscle, medially by the psoas muscle, and laterally 
by the broad abdominal muscles. 

The Capsule of the Kidney. In addition to its own thin, closely 
adherent, fibrous capsule, the kidney is invested by a firm envelop of 
fat and fiber. A layer of fatty tissue completely surrounds each kidney, 
the amount and thickness of which vary' greatly in different individuals. 
External to the perirenal fat is a fascial sheath — the perirenal fascia 
(Gcrota’s capsule). Behind this is a considerable quantity of fat which 
constitutes the pararenal fat of the retroperitoneal space. 

The perirenal fascia, unlike the adipose capsule, does not completely 
surround the kidney. At the lateral border of the kidney it splits into 
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an anterior and a posterior layer. The anterior leaf passes mediaiward 
in front of the kidney and behind the peritoneum, and joins with the 
corresponding leaf of the opposite side in front of the large abdominal 
vessels. The posterior leaf extends mediaiward behind the kidney and 
the large abdominal vessels to find an attachment on the side of the 
vertebral column. Above, the perirenal fascia unites with the fascia 
of the diaphragm, while its lower edge blends almost imperceptibly with 
the subperitoneal fascia. The arrangement of the perirenal fascia makes 
it possible for the surgeon to pass from one kidney to the other without 
going outside the fascia. The perirenal fascia is connected with the 
fibrous capsule of the kidney by numerous trabeculae, which traverse 
the fatty capsule. 

The perirenal fascia is but little evident in early life, slight trace of it 
being visible before the eleventh or twelfth year; but at any age the 
perirenal fat may easily be distinguished from other fat by its finer 
texture and deeper yellow color. The fibrotic and muscular structure 
of the perirenal capsule, and the fact that it is but lightly attached to the 
surface of the kidney, give it considerable elasticity’-. This elasticity 
enables it to accommodate itself to even very sudden increases in the 
size of the kidney, due to changes in intrarenal tension. 

The kidney is supported, and held in position, partly by means of its 
capsules and their fibrous attachments, and partly by the apposition of 
the neighboring viscera and the tone of the abdominal walls. 

General Structure of the Kidney. Hilum and Sinus Renalis. In 
the center of the concave medial border of the kidney is the hilum, a deep 
longitudinal fissure which receives the renal vessels, nerves, and lym- 
phatics, and from which the ureter emerges to pass downward. The 
renal vein is in front, the artery in the middle, and the ureter behind, 
but branches of both the vein and artery are not infrequently placed 
behind the ureter. 

The hilum expands into a central cavity — the sinus renalis— which 
contains the upper portion of the renal pelvis, the calyces, and the 
branches of the renal vessels and nerves. All of these structures are 
embedded in a variable amount of fat, which is continuous with the 
fatty capsule of the kidney. 

Renal Pelvis and Calyces. The pelvis, with its calyces, is in reality 
the expanded upper portion of the ureter which lines the sinus renalis, 
and in its origin and development is related to the ureter rather than to 
the kidney. This explains the occurrence of certain anomalies, such as 
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reduplication of the pelves and ureters, in connection with kidneys 
normal in every other respect. 

The pelvis subdivides to form two, or frequently three, terminal divi- 
sions, called the major calyces, each of which subdivides into from two 
to four minor calyces. Into each of the minor calyces opens one, or 
occasionally more, of the renal papillae. 

The normal renal pelvis is subject to considerable variations in size 
and shape. In the so-called extrarenal type of pelvis, the calyces are 
longer and more attenuated than in the intrarenal form. In hydro- 
nephrosis, the extrarenal type forms a dilated sac outside the kidney; 
in the intrarenal form, the dilatation is largely within the kidney. 

The pelvis and calyces have a mucous lining similar to that of the 
ureter except over the renal papillae, which are lined by a single layer 
of flattened epithelium. The muscularis consists of indefinite inner and 
outer longitudinal fibers and a distinct circular layer continuous with 
that of the ureter. Muschat has described a spiral arrangement of the 
muscle about the minor calyces, which he assumed to have a milking 
effect on the tubules. 

The Medulla and Cortex. The kidney proper is composed of an inner 
medullary zone and an irregular outer cortical zone. 

The medulla, which is sharply differentiated from the cortex, consists 
of a series of striated conical masses — the renal pyramids — the bases of 
which lie peripherally in the cortex while their apices converge toward 
the sinus renalis, where they form papillae projecting into the interior 
of the minor calyces. The pyramids are composed of Henlc's loops and 
the straight collecting tubules, the latter converging to form the papillary 
ducts, which open on the papillae. The medullary rays are the papillary 
ducts and their tributary collecting tubules, which form visible sub- 
divisions of the medulla. 

The cortex lies directly beneath the fibrous capsule, aud contains tbe 
glomeruli and most of the convoluted tubules. It is composed of the 
Pars radiata — the basal ends of the collecting tubules — and the darker- 
colored, intervening pars convoluta, composed of convoluted tubules. 
The portions of the cortex that dip in between the pyramids are termed 
the renal columns (of Berlin), while the portions that curve across the 
bases of the pyramids, from one renal column to the next, filling the 
space between the pyramids and the fibrous capsule, are called the corti- 
cal arches. 

The Fibrous Capsule. The kidney is invested by a fibrous capsule, 
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which forms a smooth, firm covering to the organ . Immediately beneath 
this is a layer of fine unstriped muscular tissue. 

Microscopic Structure of the Kidney. Under the microscope, the 
entire kidney is seen to be made up of innumerable minute tubules held 
together by connective tissue, which is continuous with the fibrous 
capsule. The connective tissue is fairly abundant above the renal cor- 
puscles and in the region of the papillary ducts, but elsewhere is very 
scanty. 

The Structural Unit of the Kidney. Traut (1923) endeavored to show 
that the kidney is made up of a great number of similar “structural units” 
analogous to the lobules of the liver. Each structural unit consists of 
urinary secretory' tubules grouped about a homologous portion of the 
collecting-duct tree. This collecting-duct tree is composed of a system 
of branching tubules extending from the papillary foramen to the cortex. 
As previously noted, the first four orders of collecting tubules become a 
part of the pelvic wall, while the fifth order becomes the papillary ducts. 
From the papillary foramen at the tip of a papilla, to the junction of 
inner and outer medullary zones, the collecting-duct tree bifurcates six 
times. The structural unit includes the collecting ducts of the tenth 
order (which postnatally become greatly elongated, to make room for 
the elongation of Henle’s loops, which extend down between them) and 
those of the higher (cortical) orders, together with the secretory tubules 
connecting with them. 

Each structural unit forms a pyramidal block of tissue, with its base 
at the periphery and connecting at its apex with the collecting-duct 
tree by means of a single collecting tubule. The cortical part of each 
unit has collecting ducts at its center, which are surrounded by con- 
voluted tubules and fringed by rows of glomeruli, while more glomeruli 
are closely packed at the sides. 

It has been estimated that there are more than 120 structural units 
tributary to each papillary duct, and from 20 to 30 papillary ducts to 
each papilla. 

The Renal Tubule and Renal Corpuscle. The uriniferous tubules 
originate in the pars convoluta and renal columns as the renal cor- 
puscles, pursue a highly circuitous course through the cortex and medulla, 
and terminate at the apices of the renal pyramids. 

The renal corpuscle is a small, round mass, varying in size but averag- 
ing about 0.2 mm. in diameter, and consisting of a central glomerulus 
and a membranous envelop — Bowman’s capsule. 
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The glomerulus is a small capillar}' plexus held together by connective 
tissue. In the adult kidney it varies in diameter from 0.1 to 0.15 mm. 
The afferent glomerular vessel supplying this capillary network originates 
either from the interlobular artery or, infrequently, the arcuate artery. 
It usually enters the capsule at a point opposite the latter’s union with 
the tubule. The capillary branches reunite to form the smaller efferent 
glomerular vessel, which emerges from the capsule alongside the afferent 
vessel to supply the tubules. Glomeruli are most numerous in the 
cortex, diminishing in number toward the medulla. They are found 
chiefly between the interlobular arteries, to which their afferent vessels 
connect them. Those originating in the arcuate arteries are often twice 
as large as those in the cortex. The number of glomeruli for each kidney 
of an adult has been variously estimated at from 3 to 4| millions. 

Bowman's capsule, which surrounds the glomerulus, is a small sac or 
blind dilatation consisting of a basement membrane lined by a layer of 
flattened epithelial cells. At the point where the glomerular vessels 
enter or exit, this lining folds back over the network of convoluted capil- 
laries with which the capsule is filled, dipping down into the clefts between 
the vascular loops and covering the entire surface of the glomerulus 
with a continuous layer of flattened cells. Between the glomerulus and 
the capsule there is thus left a cavity lined by a continuous layer of 
squamous cells. 

Bowman’s capsule opens through a short, constricted neck (lined, like 
the capsule, with flattened epithelium) into the first section of the uri- 
niferous tubule— the large proximal convoluted tubule, which is lined by 
columnar cells showing rows of radially disposed granules, the inner 
margins of the cells being equipped with fine hairs springing from the 
periphery. The proximal convoluted tubule pursues a complex, tortuous 
course in the cortical substance for a considerable distance; then takes 
a straight downward course and, entering the medullar}’ substance, 
suddenly narrows down — just below the level of its glomerulus — to form 
the descending limb of Haile’s loop, which dips down into the pyramid 
for a variable depth. This is lined by a pavement epithelium resembling 
that of Bowman’s capsule and the neck. Suddenly enlarging, the tubule 
makes a sharp bend or loop and reascends alongside the first limb of the 
loop, forming the ascending limb of Rente's loop and reentering the cor- 
tical substance. At about the level of its glomerulus, the tubule becomes 
dilated, irregular, and forms a second coil — the distal convoluted tubule. 
This terminates in a narrow portion, which opens into a straight col- 
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leeting tubule. The ascending limb of Henle and the distal convoluted 
tubule are lined by short columnar epithelium resembling that of the 
proximal convoluted portion. 

The straight collecting tubule commences in the pars radiata of the 
cortex, where it receives the curved end of the distal convoluted tubule. 
It unites with similar collecting tubules at short intervals, so that a series 
of fairly large tubes pass from the bases of the cortical rays into the 
renal pyramids. The tubes of each pyramid converge, in the medulla, 
to join a central papillary duct , 20 to 30 of which open on the summit of 
a renal papilla communicating with a calyx of the renal pelvis. The 
collecting tubule is lined by fiat cuboidal epithelium, the protoplasm 
being clear. In the papillary duct the cells are columnar. 

Conformation of the Kidney. The surface of the kidney is smooth. 
Normally, there can be observed in the adult a very slight lobulation, 
corresponding to the underlying pyramids, the lobes being marked off 
by faint depressions, which correspond to the underhung renal columns 
(of Bertin). 

Weight of the Normal Adult Kidney. As the kidney cannot be 
weighed in situ, specimens on which to base statistics are limited to 
autopsy specimens and occasional normal kidneys removed because of 
ureteral trauma. Calculations for kidney weights at different age- 
periods, for both sexes, have been made by E. Boyd and by Herbert 
Wald. In practically ever}- age-decade the normal weight was found to 
be slightly greater in males than in females. This is in agreement with 
the sex differences observed in the normal weights of other organs. 
Wald found that the coefficients of correlation between the weight of 
both kidneys and the weights of other organs are: liver, 0.60, heart, 0.32, 
and spleen, 0.23. The median weight of both kidneys in the male’s 
third decade of life was found to be about 308 Gm. The weight in- 
creases slightly through the third and fourth decades until it reaches 
approximately 320 Gm. Subsequently, it declines until during the 
eighth decade it may have lost as much as 18 per cent, being reduced to 
a weight of around 260 Gm. 

The Renal Vasculature. The blood supply of the kidney has been 
the subject of extensive study by numerous investigators, the epochal 
contributions of Bowman (1842) and Broedel (1901), and the later studies 
of Lee-Brown (1924) and D. M. Morison (1926) being especially 
noteworthy. 

Abnormalities of the blood supply to the kidney are common, and will 
be described in detail under Anomalies of the Kidney (p. 13S2). 
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The Arterial System. The kidney is supplied with blood by the 
renal artery, a large branch of the abdominal aorta. At the hilum of 
the kidney the renal artery divides into a large anterior and a smaller 
posterior branch, each of which subdivides into two or more secondary 
divisions before entering the substance of the kidney. The sub-arteries 
follow a course which results in nearly three-fourths of the blood being 
carried to the anterior half of the kidney and only about one-fourth to 
the posterior half. The primary anterior branch passes into the kidney 
in front of the pelvis, above the ureteropelvic junction, while the primary 
posterior branch curves around the pelvis to enter the kidney. 

The renal arteries are end arteries. Broedel has shown that the 
primary anterior and posterior branches of the renal artery supply 
approximately corresponding halves of the kidney, and that each of these 
vascular divisions is independent of the other. The branches from one 
arterial tree never cross over to the opposite half of the kidney, and there is 
no anastomosis between the two sets of branches— a fact of great impor- 
tance to the surgeon. The axes of the posterior row of calyces indicate 
the plane of division between these two sets of arterial offshoots. 

The branches of the main renal artery diverge as they approach the 
kidney pelvis, until eventually they come to lie between the calyces in 
close apposition to their anterior and posterior aspects. Here are given 
off further branches — the interlobar arteries — which run between the 
pyramids, in the renal columns, toward the capsule. In the cortico- 
medullary zone the interlobar arteries describe a slightly convex curve 
as they form incomplete arches over the bases of the pyramids, whence 
the name by which they are here called — the arcuate arteries. Morison 
observes that the arching is not as apparent in the arterial system of 
individuals below middle life, but becomes more marked as age advances, 
especially if there be any tendency to arteriosclerosis. 

From their convexities the arcuate arteries give off a series of branches 
called the interlobular arteries , and then, rapidly diminishing in size, 
take a sudden upward course through the cortex and themselves termi- 
nate as interlobular arteries. Occasionally, small interlobular arteries 
are given off from the concavities of the arcuate arteries. 

The interlobular arteries give off small twigs called afferent glomerular 
vessels, each of which terminates, as previously noted, in a capillary 
plexus — the glomerulus. The loops of this network reunite to form the 
efferent glomerular vessel, which leaves Bowman’s capsule at the hilum, 
alongside the afferent vessel. In the cortical zone the efferent vessels 
form plexuses about the convoluted tubules. In the corticomedullary 
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zone they divide into two branches: a nutrient branch to the convoluted 
tubules and Henle’s loop, and a branch which breaks up to form the 
artcriae reclae, that pass toward the pelvis and supply the collecting 
tubules. 

Glomeruli are most numerous in the inner portion of the cortex, dimin- 
ishing in number toward the medulla and being completely lacking in 
the cortex corticis, which consists entirely of convoluted tubules. Except 
for a few that extend to the capsule, or end as direct nutrient vessels, 
the interlobular arteries terminate as afferent glomerular vessels, each 
forming a glomerulus. 

In addition to the interlobular arteries, three minor types of offshoots 
from the arcuate vessels have been described (Morison): (1) the vasa 
vasorton — occasional small, twisted, branching vessels 1 in intimate dis- 
tribution around the parent trunk; (2) afferent glomerular vessels of vary- 
ing lengths ending in one or more glomeruli, arising at an acute angle 
from the main trunk— usually from the concave aspect, but occasionally 
from the convex surface; (3) vessels showing only a small indefinite 
thickening proximal to the point where they subdivide into straight 
medullary branches, and giving no evidence of a glomerulus. 

Aside from this last group, Morison, as well as Lee-Brown, found that 
the arteriae recta e verae, regularly described in textbooks of anatomy, do 
not exist All other arteriae rectae arise from efferent glomerular vessels 
and are called arteriae rectae sptiriae. Passing down, between the straight 
collecting tubules, they converge and form terminal plexuses about the 
tubules, their loops then re-uniting to form the venae rectae. Lee-Brown 
did find two types of direct nutrient vessels, however: (1) an interlobular 
artery ending directly in a terminal ramification surrounding the con- 
voluted tubules of the cortex; (2) smaller arteries which branch from the 
trunks of the interlobular arteries, run but a short distance, and at no 
point show evidence of a glomerulus. These vessels finally convey blood 
to the tubules, after formation of a plexus for this purpose. 

The Venous System. The veins of the kidney correspond to the larger 
subdivisions of the arterial system — that is, there are interlobular, arcu- 
ate, and interlobar veins, as well as the venae rectae. The two systems 
differ radically, however, in one respect, namely, the veins anastomose 
very freely. 

The central venous system of the human kidney is the arcuate, which 
.receives the blood from both the cortex and medulla, passing it thence 
into the interlobar veins. The latter convey it to the renal tew, which 
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emerges from the kidney at the hilum and opens into the inferior vena 
cava. The left vein is longer than the right, and crosses in front of 
the abdominal aorta. 

The stellate veins — venae stellaiae — are part of the interlobular system, 
and converge just below the capsule, in the cortex corticis, in radially 
distributed branches. These connect with the origins of the ordinary 
interlobular veins by means of small anastomosing radicles, which pass 
downward from the convex or upper 'aspect of the arcuate veins. 
Straight vessels — venae reclas — are described by Morison as arising in a 
fine venous network around the openings of the collecting tubules at the 
papillae of the pyramids. They come also, at times, from the reflections 
of the minor calyces. In either case, after pursuing a winding course 
among the collecting tubules of the medulla, they eventually empty 
into the arcuate veins, on their under or concave surfaces, or into the 
bases of the interlobular veins. 

The interlobar veins arise at the convergence of the arcuate veins and 
themselves converge to form the renal vein. There is no collecting trunk 
posterior to the pelvis, all the veins of the posterior half of the kidney 
crossing over, in the lower part of the columns of Bertin, and joining 
the main trunks of the anterior half before leaving the kidney. 

Nerves of the Kidney. The nerve supply of the kidney is derived from 
the tenth, eleventh, and twelfth dorsal and the first lumbar segments 
of the cord. The renal plexus, which lies at either side, is derived from 
the celiac and aortic plexuses, and consists of both medullated and non- 
medullated nerve-fibers, with collections of ganglion cells. Large nerve- 
trunks enter the hilum along with the renal artery and its branches. 
Within the kidney they are subdivided in much the same manner as 
the arterial trunks, being broken up into finer filaments, which eventually 
terminate in the walls of the blood vessels and of the tubules. 

The renal nerves communicate with the spermatic plexus, a fact which 
may explain the occurrence of testicular pain in disease of the kidney. 

Lymphatics of the Kidney. Our knowledge of the lymphatic system 
of the kidneys is rather limited, due to the great difficulty experienced 
by students of histology in making satisfactory preparations for tissue 
study. The usual methods of dye injection are difficult and often impos- 
’ sible when renal tissue is being examined, and the introduction of dyes 
and other traceable substances in the living animal has likewise proved 
unsatisfactory. 

The most complete exposition of the subject that has come to our atten- 
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tion is that of Jasienski (1935). This author emphasizes the “prodigious 
richness” of the “vast system of lymphatic plexuses” which the kidney 
presents over its entire substance. Actually, they form one continuous 
plexus, the components of which are disposed in every part of the gland, 
the minute lymph channels coming in contact with all the histological 
elements of the parenchyma. Jasienski emphasizes especially the “inter- 
tubular plexus,” which, his injections showed, send out branches that 
intervene between the tubules but do not penetrate them at any point, 
merely spreading over their outer aspect. These ramifications surround 
the capsules of Bowman in precisely the same way. ' The ramifications 
from the intercapsular plexus appear to be finer than the lymph ducts 
emanating from the intertubular plexus, and can be seen running with 
them about the capsule, the network thus formed being more dense about 
the neck of the glomerulus. In attempting to inject the medullary sub- 
stance, Jasienski encountered the same difficulties as his predecessors, 
but concluded that the glomerular plexus presented, in general, the same 
features as those characterizing the plexuses surrounding the collecting 
tubules and Bowman’s capsules. 

Most of the lymph chains unite before they leave the kidney, forming, 
at the hilum, several good-sized lymphatic trunks, which communicate 
with adjacent lymph nodes. Some lymphatics may also be found passing 
through the fibrous capsule. The lymph collectors emerging from the 
hilum on either side have been estimated at from 6 to 1 1 by Nicolesco 
(1930) and at from 12 to 16 by Ssysganow (1930). 

The efferent vessels from the right kidney proceed from the hilum of 
the kidney and terminate in several of the upper nodes of the right lateral 
lumbar chain. The regional nodes of the left kidney are less numerous 
than those of the right side, and consist, for the most part, in the upper 
nodes of the left lumbar chain and in the nodes located on the left crus 
of the diaphragm. Regarding lymphatic connection between the two 
kidneys: Hasumi (1929) mentions possible connections between the 
regional nodes of the right and left kidneys through fine lymph vessels 
passing anterior to the aorta; Ssysganow (1930) finds the regional nodes 
of the two kidneys connected through secondary and tertiary nodes lying 
on the anterior surface of the aorta; and Alice Parker (1935) finds no 
direct lymphatic connection between the two kidneys, though there are ‘ 
distinct lymph vessels anterior to the aorta which connect the right and 
left lateral lumbar lymph channels. 
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C. Anomalies of the Kidney 

Renal anomalies occur frequently, and are exceedingly varied in type. 
Despite the fact that many anomalous kidneys cause no symptoms, the 
amassing of data from a wide range of material has made it plain that the 
abnormal kidney is much more likely to be the site of disease than is 
the normal organ. 

Types of Renal Anomalies. Congenital renal anomalies may be 
grouped according to whether they are of (1) number, (2) size, (3) form, 
or (4) position. Many fall into more than one of these categories — for 
example, unilateral fused kidney, with crossed ectopy. In addition, 
there should be included anomalies of the renal blood supply. Malforma- 
tions of the renal pelvis have been discussed under Anomalies of the 
Ureter (p 1213). 

In the following table the various types of renal anomalies are grouped 
under the above headings: 

I. Anomalies of number 

a. Absence of both kidneys (incompatible with 'ifei 

b. Absence of one kidney (solitary kidney) 

c. Supernumerary kidney 

L Unilateral 

2. Bilateral 

II. Anomalies of size 

a. Hypoplastic kidney 

b. Renal aplasia 

c. Hypertrophic kidney (compensatory kidney) 

HI. Anomalies of form 

a. Tabulated kidney (fetal kidney) 

b. Polycystic kidney 

c. Fused kidney 

1. L-shaped kidney 

2. Dumb-bell kidney 

3 Shield-shaped or ring-shaped kidney 

4. Cake kidney 

5. Disc kidney 

6. Sigmoid kidney 

7. Horseshoe kidney 

(a) With concavity above 

(b) With concavity below 

(c) With duplicated pelves and ureters 

8. Crossed ectopy, with fusion (unilateral fused kidney) 
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IV. Anomalies of position 

a. Floating kidney 

b. Ectopic kidney 

1. Simple unilateral ('non- fused) 

2. Simple bilateral 

3. Bilateral with fusion (horseshoe kidney) 

4. Crossed ectopy, with or without fusion 

c. Abnormal rotation of the kidney 

1. Incomplete rotation 

2, Excessive rotation 

V. Anomalies of the renal blood vessels 

a. Anomalous arteries 

b. Anomalous veins 

VI. Anomalies of the pelvis (discussed under Anomalies of the Ureter, p. 1213.) 

Anomalies of Number. Absence of Both Kidneys. Complete aneph- 
rogenesis is very rare. As it occurs only in monstrosities and is incom- 
patible with life, it is of little clinical interest. In a majority of cases, 
complete renal agenesis appears to be associated with oligohydramnios, 
affording presumptive evidence in favor of the view that there is a 
direct relationship between the production of fetal urine and the secretion 
of amniotic fluid. 

Coen (1884) collected 33 cases of complete absence of both kidneys. 
Mario Raso (1937) presented a case of bilateral absence of the kidney 
and compiled a table containing 119 other examples, the first being 
that of Everhard, published in 1633. As Bates, who reported 2 cases in 
1933, was able to find but 5 previously recorded authentic cases, one is 
led to wonder at the authenticity of some of Raso’s cases. Gowar ( 1935) 
states that "about a hundred cases of bilateral anephrogenesis have been 
found in the literature,” but adds that a large number of these were pre- 
mature still births or monsters with gross bodily deformities. In Gowar ’s 
own case the fetus was bom S days before the calculated date of confine- 
ment, and showed no structural abnormalities apart from the urogenital 
system, which was devoid of any traces of kidneys or ureters. The 
amniotic fluid was present in normal amount. 

Congenital Absence of One Kidney ( Solitary Kidney). A much more 
common and important condition is congenital absence of one kidney, 
by which is signified the complete lack of development of one of the 
paired organs. There is entire absence of nephrogenic tissue on the 
one side, and hence absence of the kidney, ureter, and corresponding half 
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of the trigone. The suprarenal gland on the agenetic side is likewise 
absent, which is not the case in hypoplastic kidney or renal aplasia. 



Fic. 297. Congenital absence of the kidney on the left side (solitary kidney). (Christeller.) 

The solitary kidney may be found in the normal position, or in ectopic 
or cross ectopic position, and is characterized by a single ureter opening 
into the bladder and by absence of half of the trigone. It must be 
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differentiated from renal aplasia and hypoplastic kidney, and from the 
type of renal fusion in which the solitary fused organ has two pelves and 
two ureters opening independently into the bladder. 

The recognition of unilateral solitary kidney requires careful examina- 
tion, both clinically and at operation, and even at autopsy'; Many 
authors who have reported cases of “unilateral renal agenesis” have 
described the presence of nephrogenic tissue in the agenetic side of the 
body, either in the form of an aplastic or hypoplastic mass of renal sub- 
stance, or of an incomplete ureter. These, obviously, are not cases of 
true -solitary' kidney’. Since most writers have failed to differentiate 
this condition from fused kidney, hypoplastic kidney, and renal aplasia, 
it is impossible to give any true idea of the frequency of its occurrence. 

The complete absence of one kidney' appears to be due to an arrest in 
the development of the nephrogenic elements of the wolffian duct, so 
that the “bud” or primitive nucleus of the permanent kidney' fails to 
form. There is, therefore, absence of the corresponding half of the uri- 
nary apparatus from early embryonic life. Commonly, the mullcrian 
duct on the agenetic side is also absent, resulting in anomalies of the 
genital organs — particularly' in the female, in whom the genital organs 
are derived from the mullerian duct. The association of renal and 
genital anomalies has been emphasized and discussed by many' authors, 
and has been found to be present in approximately 70 per cent of cases 
of congenital solitary kidney. In females, there has been seen uterus 
bicornis, with imperfect development of the horn of the uterus on the side 
corresponding to that of the missing kidney', or complete absence of the 
uterus or the adnexa of the corresponding side; or there may be formation 
of a septum in the vagina, or even complete absence of that passage. 
In males, absence or atrophy of the testicle, vas deferens, and seminal 
vesicle on the affected side has been observed. Any important anomaly 
of the genital tract should always suggest the probability’ of associated 
congenital absence of one kidney. Absence of the nephrogenic tissue 
of the wolffian duct also results in failure of the suprarenal gland to form 
on the agenetic side — an important point in differentiating renal agenesis 
from renal aplasia or hypoplastic kidney (Gutierrez). 

The absence of one kidney does not incapacitate its owner for the 
normal physiological functions of life. The congenital solitary kidney 
is, however, peculiarly subject to disease, and its loss is, of course, fatal. 
The association of a pathological process, such as parenchymatous 
nephritis, stone-formation, pyelitis, and pyelonephritis, with oliguria, 
anuria, and death, has been frequently recorded in the literature. 
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With the diagnostic resources available to the modem urologist there 
is but slight chance of a single kidney being removed, or even operated 
upon, except under the most urgent of circumstances. In the past, 
however, such accidents were not unknown. Thomson- Walker collected 
18 instances in the literature where a single kidney was surgically 
removed, resulting in death from uremia within a few days. The impor- 
tance of utilizing the many diagnostic facilities at the urologist's disposal 
before nephrectomy is decided upon need hardly be emphasized. 

The diagnosis of congenital solitary kidney is made by cystoscopy, the 
differential renal functional test, and by retrograde and excretory pyelog- 
raphy. By means of accurate urological and urographic examinations, 
it is now possible to differentiate before operation the three conditions 
of congenital absence of one kidney, hj'poplastic kidney, and renal 
aplasia. The finding of a single ureteral orifice in the bladder, with a 
half-developed trigone, immediately suggests solitary kidney of con- 
genital origin. However, the ureters from two normal kidneys may 
fuse and enter the bladder through a single orifice, or one ureter may 
end extravesically and another in the bladder, so that no positive diag- 
nosis of solitary kidney can be made from vesical inspection alone, or 
when combined with a differential renal functional test. Roentgeno- 
grams and bilateral pyelograms are essential, and it is upon them that 
the urologist places his chief dependence. 

The treatment of patients suffering from pathological conditions of a 
congenital solitary kidney must be conservative, both urologically and 
surgically. In cases presenting evidence of renal infection, marked 
oliguria, or uremic symptoms, the patient should be treated by means of 
renal lavage and use of the indwelling ureteral catheter, in order to secure 
drainage and overcome the infection. It is hardly necessary to em- 
phasize the importance, in calculous disease or anuria of the solitary 
kidney, of securing adequate drainage, urologically or surgically. If 
operation for stone or drainage is urgently required, nephrostomy, 
by the ribbon-gut method, should be done, if possible, in preference to 
pyelostomy, because of the danger of stricture in the latter procedure. 

Supernumerary Kidney. A supernumerary kidney — that is, a distinct 
third kidney, with independent capsule and blood supply — is one of the 
rarest of renal anomalies (42 cases up to 1939, Geisinger). It must be 
differentiated from double kidney— -namely, an organ with two pelves, 
with or without separate ureters (Anomalies of the Ureter, p. 12/5) — and 
from unilateral fused kidney (p. 1375). Many double or fused kidneys 
have been reported in literature as “supernumerary.” 
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The embryological origin of supernumerary kidney appears to be 
practically identical with that which we have previously cited as the 
cause of ureteral and pelvic duplication. At the time the ureteric bud 
divides prematureh' (thus producing ureteral duplication), the mesen- 
chyme, instead of covering the divided bud with a continuous envelop. 



Fic. 29S Supmwaaai} lidncy on the ri?ht side, a very rare finding. The ureter on the 
right side is bifid (Courtes> of Dr. G S. Huntington, Columbia University Department of 
Anatomy ) 

also divides, so that each limb of the divided ureter has attached to it 
an independent mass of renal tissue. These two metancphrogenic masses 
thereafter undergo the normal developmental processes of ascent and 
rotation, but as two separate bodies, their courses being parallel but 
quite distinct. Occasionally, these two masses have been found almost 
equal in size and stage of development, but as a rule the extra organ is 
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more or less rudimentary’. The aplastic and degenerated organs far 
outnumber those which can be considered relatively normal. 

The extra kidney may be above the normal one, but usually is below 
it, being found at some point in the course of the ureter or lying between 
the ureters in front of the vertebral column. Its ureter may open into 
the bladder through a separate orifice, or end extravesically, or join 
that of the other kidney on the same side. In the last instance, the 
anomaly may easily be overlooked. 

No symptoms can be listed as peculiar to supernumerary’ kidney. In 
only a few of the recorded cases was there any pathological condition of 
the anomalous organ, and even in these its involvement was generally 
secondary to that of the major kidney of the same side. Usually’ found 
at autopsy or operation for some unrelated condition, in very' recent 
years urography has, in a few cases, suggested the presence of the ab- 
normality. 

The treatment of a diseased supernumerary' kidney' does not differ from 
that applicable to a normal organ. 

Anomalies of Size. The Hypoplastic Kidney. A hypoplastic kidney 
is one whose development has been arrested, so that it is diminutive or 
infantile in size. It is to be distinguished from complete absence of the 
kidney, renal aplasia, and acquired atrophy. All of these conditions 
are of great importance, and must be taken into careful account when 
nephrectomy is contemplated. The relative frequency of hypoplastic 
kidney’ has been estimated at about 1 in 600. 

There are two types of hypoplastic kidney. In the first, the archi- 
tecture of the renal parenchyma is normal, with a normal pelvis and 
ureter, although the pelvis is piriform and very small and the calyces 
diminutive and sometimes unusually placed; in the second, the medullary 
portion and the pyramids are absent, so that there is only cortical sub- 
stance, and the pelvis is of the hydronephrotic type (Gutierrez, 1933). 
Microscopic examination in some cases reveals normal kidney tissue but 
minimal in amount; in others, it shows rudimentary' tubules and glo- 
meruli. 

In hypoplastic kidney the ureter is always patent and excretory 
function frequently is apparently good; but the kidney is incapable of 
undergoing functional hypertrophy to sustain life when disease destroys 
or requires the removal of its mate. The recognition of hypoplastic 
kidney’ is therefore of the greatest importance to the urologist and sur- 
geon, and presents a fairly’ frequent and often difficult clinical problem. 
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Albarran (1902) was the first to point out the inability of the infantile 
kidney to undergo compensatory hypertrophy, and to warn of the danger 



of an erroneous diagnosis because of the good elimination of urea and of 
color dye and the apparently good concentration of the chemical ele- 
ments of the urine by many of these organs. 
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The diagnosis is made by relative function tests and by roentgenog- 
raphy. Even though the general character of the urine from the two 
sides may be similar, and the ability of the hypoplastic kidney to con- 
centrate urea, etc., relatively normal, the renal function tests will in- 
variably show subnormal function from the hypoplastic organ. How- 
ever, should the kidney of the opposite side be diseased, there may be 



ueuveeu me ages 01 u aim 10 yeais, sue uau icceiveu siiuiauuiu ueaiuiein iui puuuuudiy 
tuberculosis; x-rays, on discharge, showed no evidence of active pulmonary lesions. 


diminished secretory function of both sides. Therefore, while relative 
functional tests are helpful, correct diagnosis is dependent upon pyelo- 
graphic data. 

The plain roentgenogram shows a small kidney shadow, in marked 
contrast with the large shadow of the kidney on the opposite side, which 
is always hypertrophied. Pyelography will usually reveal a very small 
pelvis, with the calyces absent or rudimentary; and this, in contrast with 
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a large normal kidney on the opposite side, will serve to verify the diag- 
nosis. Sometimes, however, the pyelogram may show a pelvis almost 
normal in size. Such a pyelogram, in conjunction with a plain roent- 
genogram showing a small kidney shadow’, will serve to diagnose the type 
of hypoplastic kidney with a large pelvis and a minimal amount of 
kidney substance. Although intravenous urograms are frequently useful 



Fig. 301 Renal hypoplasia with calcified cysts. Photograph of removed specimen after 
the injection of 2 cc. of sJriodan into the ureteral stump The contrast medium has Collected 
in a pouch just inferior to the upper cyst, and probably represents the renal pelvis. 


in establishing the diagnosis, it cannot be too strong] y emphasized that 
additional retrograde pyelograms arc always necessary. 

The treatment depends upon whether it is the hypoplastic kidney which 
is diseased (in which event nephrectomy is usually indicated), or whether 
it is the larger organ that is affected. In the latter case, the diseased 
kidney must be regarded precisely as though it were a solitary organ, 
and given the most careful treatment by urological therapy and con- 
servative surgery- 
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Renal Aplasia. Renal aplasia is characterized by an arrest of em- 
bryonic development, the kidney having never been formed. The 
amorphous renal mass, unlike the hypoplastic kidney', has no eliminator)' 
function, and the ureter, although opening into the bladder, has no 
connection with the sclerotic renal mass and is devoid of function. His- 
tological sections made of specimens removed at operation or autopsy 
reveal the presence of rudimentary renal tissue characterized by em- 
bryonic and sclerotic tubules and glomeruli. Occasionally, there may 



be observed a rudimentary renal artery running from the aorta to the 
fibrous mass of tissue. Arrest of development of one kidney is always 
accompanied by compensatory functional hypertrophy of its mate. 

Renal aplasia, like hypoplastic kidney', must be differentiated from 
secondary or acquired renal atrophy. In the latter condition, the kidney' 
undergoes complete destruction; its parenchyma degenerates and its 
cortical and medullary substances are lost, as in the autonephrectomy 
produced by renal tuberculosis, nephrolithiasis, etc. Aplasia should 
also be distinguished from congenital absence of one kidney, which is 
characterized by entire absence of nephrogenic tissue on the one side. 
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These patients complain merely of abdominal pain— usually on both 
sides of the abdomen. On the side of the aplastic kidney, this is due to 
the pressure on the surrounding tissue of the amorphous renal mass, 
which frequently undergoes partial cystic or other pathological change. 
On the opposite side, it is due to the enlargement of the kidney, which 
has undergone compensatory hypertrophy. 

The importance of an accurate diagnosis, particularly when a radical 
operation such as nephrectomy is contemplated, is obvious, since the 
aplastic kidney has no eliminatory function. Cystoscopic inspection 
of the bladder as a rule reveals two normally placed ureteral orifices, 
but the ureter on the aplastic side is never patent and has no physiologi- 
cal function. A catheter can usually be inserted for a short distance, 
and opaque solution injected into the aplastic ureter will regurgitate back 
into the bladder. Occasionally, if there is present a rudimentary renal 
artery, intravenous urography may serve to establish the diagnosis; but 
frequently this can only be definitely made at operation. 

The treatment of renal aplasia, when it can be diagnosed, consists of 
the removal of the functionless aplastic renal mass. 

The Hypertrophic or Compensatory Kidney. In cases of absence of 
one kidney, or unilateral renal hypoplasia or aplasia, the kidney of the 
opposite side will be found to be of larger size than normal, due to the 
fact that it has double work to do (Fig. 299). This compensatory’ hyper- 
trophy will, in most cases, be evident upon examination. Therefore, 
whenever such examination reveals one kidney of unusual size, but 
apparently otherwise normal, the examiner should at once be on his 
guard, and any intervention upon such an organ should be undertaken 
only after thorough exploration of the entire urinary tract. More than 
once in the earlier years, before present diagnostic aids were available, 
a single kidney was removed, with inevitably fatal results. Even today, 
such an accident occasionally occurs. In these days of exquisite accuracy 
in urological and urograpMc diagnosis, operation should never be per- 
formed on either kidney without full assurance of the presence of a 
functioning kidney on the opposite side. 

Anomalies of Form. Lobulaled Kidney ( Fetal Kidney). In certain 
mammals — for example, oxen and bears — the kidney consists of a number 
of distinct lobules. This lobulation is also characteristic of the kidney 
of the human fetus, and traces of it may persist in the adult. 

Polycystic Kidney. Though of congenital origin, polycystic kidneys 
are better discussed under Diseases of the Kidneys (p. 1531). 
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Fused Kidney. The most common form of fused kidney is horseshoe 
kidney. Carlier and Gerard found SO in 68,989 autopsies, or 1 to every 
862 cases. The relative percentage, estimated from various autopsy 
series, has been given by others as 1 to 600 (Naumann) , 1 to 1,000 (David- 
sohn), 1 to 500 or 600 (Papin). We, also, found it in a proportion of 
about 1 to 600 in a general necropsy series. 



The most common form of horseshoe kidney consists of two distinct 
renal organs united at the lower poles by an isthmus which may be 
merely a thin fibrous cord, or a tenuous membrane, or a thick mass of 
renal tissue which, microscopically, shows glomeruli and tubules of 
normal structure. Fusion at the upper poles occasionally occurs, so 
that the concavity is downward, but this type is much rarer. Fused 
kidneys lie nearer the median line than do normal ones, and are likely 
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to be displaced downward as well. The isthmus usually passes in front 
of the aorta and vena cava. 

Each half of the fused kidney has its own blood supply, and several 
anomalous vessels are usually present. Arterial branches from the 



Fig. 3W. Horseshoe kidney, resection of left half Showing the kidney exposed through 
a lumbar incision. Clamps are applied to the isthmus The kidney, nh ich is very large, 
is about to be remo\ cd The pathological examination showed calculus pyonephrosis, with 
complete loss of renal structure 


inferior mesenteric, common iliac, and external and internal iliac arteries 
commonly supply the fused kidney, in addition to those from the aorta. 

In most cases, the ureter enters the pelvis higher up than in the non- 
fused organ. The frequency of hydronephrosis in horseshoe kidneys is 
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probably directly connected with this high insertion of the ureters, as 
well as with the presence of aberrant vessels. Normal rotation of the 
kidneys on their vertical axes is prevented by the fusion, leaving the 
pelves facing anteriorly or mesially ; or they may face laterally and away 
from each other. 

Asymmetrical fusion gives forms of unilateral renal fusion such as the 
L-shaped, shield-shaped, disc, sigmoid, cake, or dumb-bell kidney, or 
the fusion in crossed ectopia, which is considered separately. 



Tic. 305. Horseshoe kidaev. Retrograde pt elogr&m. 


The completely fused disc or cake kidney may also be situated in the 
middle line of the abdomen. 

All of these forms are characterized by the presence of two correspond- 
ing pelves and two ureters, and therefore should not be confused with 
true solitary kidney. 

The etiological factor responsible for the various forms of fused kidney 
is fusion of the renal fundaments in the course of their embryonic de- 
velopment- 
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Although fused kidneys may be quite normal in every respect except 
that they are united, such kidneys are much more liable to disease than 



non-fused organs. Almost every known type of pathology has been 
found in fused kidneys— infections, tumor, tuberculosis, calculus, and, 
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most frequent of all, obstructive changes (hydronephrosis). Because 
of its susceptibility to disease, as well as its relatively frequen t occurrence, 
the fused kidney presents a clinical problem of great importance. 

Pain in the epigastric or umbilical region, gastrointestinal disorders, 
and recurrent urinary disturbances are present in a very high percentage 
of cases of horseshoe kidney. If complications involve one half of a 
symmetrically lying horseshoe kidney, the pain may be more lateral than 
median; but if the position of the kidney is one-sided, and the lower- 
lying pole is the diseased portion — which is likely to be the case — the 
pain will be median. 

Although urography has facilitated the discovery of all types of renal 
anomalies, including fused kidneys, failure of preoperative recognition 
of horseshoe kidney is still a common occurrence. In the New York 
Hospital’s series of 25 cases (up to 1932) every one of the patients had 
been examined at other clinics or by supposedly competent physicians. 
Twelve of them had been operated upon for relief of symptoms apparently 
due to the anomalous renal arrangement, the diagnoses being chronic 
appendicitis, cholecystitis, cholelithiasis, and other intra-abdominal 
conditions unconnected with the kidneys. Intravenous urography and 
other advances in urological diagnostic precision have greatly aided in 
the recognition of fused kidney, and a complete urological examination 
should now result in accurate preoperative diagnosis in most cases. 

Although the final decision must rest on the interpretation of the x-ray 
pictures, the physical examination may be of considerable importance. 
Occasionally, it has proved possible to palpate the isthmus, or a mass 
lying across the median abdomen, or on one side of the vertebral column. 

A sign some diagnosticians have found of value is accentuation of the 
pulsations of the abdominal aorta, which may be discovered both by 
palpation and auscultation. It is due to the extra pressure that the 
existence of the isthmus brings to bear upon the great vessels, which are 
also abnormally tightened by the necessity of passing through abnormally 
placed tissue. 

The pathological horseshoe kidney, especially if it contains stones, 
can sometimes be recognized in a plain x-ray film. Ureteropyelography, 
however, gives the most reliable evidence. The lower calyces will be 
seen to point centrally. Gutierrez found the most valuable pyelographic 
data obtained in the New York Hospital series to be; (1) inversion and 
rotation of the pelves; (2) unusual localization of the elongated and 
bizarrely shaped pelves, which are often close to the midline, frequently 
overlapping the vertebral column; (3) peculiar position of the ureters. 



1378 


CLINICAL OTOLOGY 


which, though they seem to come from behind, are really cephalicallv 
or ventrally situated, giving the appearance of a bottle-neck where the 
ureter emerges from between two calyces. (In a normal pyelogram the 
ureters emerge laterally and internal to their pelves.) Everted pelves, 
facing away from each other, are also seen. Both the retrograde and 
excretion methods are useful. If function in both sections is even fairly 
good, excretion urography will plainly show the abnormal position of the 
pelves and calyces and the angle at which the ureters are compelled to 
traverse their course between the pelves and the bladder orifices. 

The treatment of acute infections (pyelitis, pyelonephritis) occurring 
in a fused kidney is similar to that of infection in a normally formed 
organ: urinary antiseptics, forced fluids, rest in bed, ureteral dilatation, 
and other measures designed to improve the defective drainage and de- 
toxicate the patient as rapidly as possible. In general, once a fused 
kidney has become diseased there is little hope of permanent cure by 
anything but radical measures (Operative Treatment of Fused Kidney, 
p. 1689.) Though palliative treatment may temporarily clear up some 
conditions, recurrence is almost inevitable because of poor drainage due 
to the high insertion and abnormal course of the ureters. 

Unilateral Fused Kidney, with Crossed Ectopy. In this type of 
anomaly, one kidney is displaced to the opposite side, to a point below 
the other organ (which is usually in normal position), the adjoining poles 
of the two kidneys being fused. Fusion of this type docs not produce 
the regular “horseshoe,” but is likely to result in an oval mass, or in a 
tandem arrangement (sigmoid kidney). The ureter from the pelvis of 
the upper kidney passes down to enter the bladder on the same side; that 
from the pelvis of the lower kidnej- crosses the median line and enters 
the bladder on the opposite side. The ureters therefore open in their 
normal positions on the trigone, and cystoscopy gives no hint as to the 
anomalous condition. 

Crossed ectopy may also occur without union of the two organs, which 
lie close together, the ectopic kidney being the lower. 

In the more common, tandem-arrangement, the ectopic kidney is likely 
to be smaller than usual and may be lobulated, as in the fetal state. 
The connections with its blood supply — i.c., the aorta and the common 
or external iliac arteries— will have been altered to conform to the kid- 
ney’s abnormal position; but the calyces of its pelvis almost always point 
toward the side where tire kidney should properly lie, although the pelvis 
itself will usually lie in an anterior position. 
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Tig. 307. Unilateral fused lidney witli crossed ectopy. (Christeller.) 

The displacement and the crossing of tlie ureter predispose to hydrone- 
phrosis, infection, lithiasis, and other pathological changes, which often 
require surgery. 
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Anomalies of Position. Ectopic Kidney. One or both kidneys may be 
congenitally displaced and remain fixed in this abnormal position. 
Displacement of one kidney to the opposite side, below its normally 
situated mate, with fusion of the two kidneys, is discussed above in con- 
nection with fused kidneys. Crossed ectopy may also occur without 
fusion. Morton M. Mayers, in 1936, published a list of 20 such cases 
which he had collected from the literature. We therefore have (1) 
simple unilateral ectopy, (2) simple bilateral ectopy, (3) bilateral ectopy 
with fusion, and (4) crossed ectopy, with or without fusion. 

Ectopia of the kidney is due to interference with the migration of the 
kidney anlage (metanephros) during fetal development. Originally, 
the metanephros is within the bony pelvis, but about the end of the eighth 
week of intrauterine life it gradually shifts its position until it is opposite 
the position of the first dour lumbar vertebrae, and has established a 
contact with another embryonic gland — the adrenal. During its ascent 
the kidney acquires a blood supply from vessels more or less temporary 
in character, but should circumstances retard or stop entirely its migra- 
tion, these normally temporary vessels may become permanent, and fix 
the organ at whatever point such interference with migration may have 
taken place. The process of ascent and rotation may also at times be 
mechanically prevented because of anomaly in some adjacent organ, 
which forces the kidney out of its natural course. Only rarely is an 
ectopic kidney found above its normal level, and in these cases it appears 
probable that the fetal organ formed attachments to vessels located so 
high that the kidney was pulled upward because its aortic attachment 
was so far above the normal. 

Available statistics variously place the incidence of occurrence of 
ectopic kidney at approximately 1 out of every 660 to 1,000 persons. 
Guizetti and Parisets found renal dystopia in 0.10 per cent of 9,SS2 male 
and 0.08 per cent of 10,119 female cadavers. 

The range of possible displacement downward is considerable. The 
kidney may be found at any point between its usual location and the 
base of the bladder — in the iliac fossa, over the sacroiliac joint, on the 
promontory of the sacrum, or far down in the pelvis, in the regular 
course of the ureters. Mild degrees arc to be differentiated from acquired 
renal ptosis. Upward displacement into the thoracic cavity has been 
reported in a few instances. 

In the relatively rare cases of bilateral cctopv, fusion is common. 

Alterations in the shape and size of the ectopic kidney arc common. 
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as it cannot develop properly in its abnormal environment. Not only 
is it regularly smaller than normal, but it will usually be flat, ovoid, dis- 
coid, or even pyramidal in shape. It may or may not be lobulated. If 
the kidney rests on the promontory, or the sacroiliac joint, there will be 
a depression upon the posterior surface. The pelvis, in most cases, 
retains its embryonic (anterior) position, and, in the absence of a definite 
hydronephrosis, may be small or hypoplastic, often lacking complete 
formation of any calyces but the superior and inferior major ones. At 
times, over-rotation of the ectopic kidney will be in evidence, the pelvis 
facing posteriorly or even laterally. The ureter may be abnormally 
short and is frequently tortuous, although in many cases its course to 
the bladder is straight and unhindered. In the more common lumbar 
and iliac types of ectopy, a normal fatty capsule will be present, but in 
the rarer pelvic kidney the perirenal fat will be lacking. The kidney is 
anchored to surrounding structures by adhesions and aberrant vessels. 

The blood vessels supplying the ectopic kidney are always anomalous. 
One of the chief anatomical differences between acquired renal ptosis 
and ectopic kidney is the fact that the vessels, in ectopia, are given off 
much lower down on the aorta and are more plentiful. If the kidney 
lies over the sacrum, or in the bony pelvis, it may receive branches from 
the iliacs, the middle sacral, or the inferior mesenteric arteries. If dis- 
placed far to the left, the major arterial supply may come in from the 
right; or the process may be reversed, in case of right-sided displacement. 
The great vessels are usually accompanied by individual veins, but cases 
have beeu reported of a single large vein taking care of the return flow 
from three or four arteries. 

An ectopic kidney usually gives no symptoms unless it is diseased. 
As a rule, however, such kidneys drain defectively, and are poorly nour- 
ished, due to the inefficiency of the anomalous vessels which provide their 
blood supply. In addition, they are likely to be injured, and their 
function interfered with, by pressure exerted upon them by adjacent 
structures. The normally placed opposite kidney generally presents 
some degree of compensatory functional hypertrophy. Interference 
with its drainage predisposes the ectopic kidney to infection, and it is 
infection that usually brings these patients to the physician. 

Although ectopic kidneys occur with about the same frequency in male 
and female patients, clinical symptoms of this condition — most often 
pain in the pelvis or lower abdomen — are more common in the latter 
sex. Such symptoms have frequently been mistakenly attributed to 
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the generative organs; and in both sexes, obscure abdominal symptoms 
due to an ectopic kidney may be erroneously referred to the appendix. 

The diagnosis of ectopic kidney is readily made by retrograde pye- 
lography or excretion urography. Shortness of the ureter, as revealed 
in the pyelogram or when inserting a catheter in the retrograde method, 
should at once suggest an ectopic kidney of the pelvic type. 

Surgery in an ectopic kidney Is often necessary, and is discussed under 
Operative Treatment of Ectopic Kidney (p. 1694). Other cases may be 
successfully treated by diet, urinary antiseptics, and ureteral dilatation 
with renal pelvic lavage. 

Abnormal Rotation of the Kidney. Anomalous rotation of fused, 
ectopic, or otherwise malformed kidneys is, as we have seen, common; 
but there may also be abnormal rotation of kidneys which are otherwise 
normal. 

In the course of the kidney’s development, it undergoes an upward 
migration, as well as a rotation around its longitudinal axis. If this 
rotation is incomplete , or fails to take place, the renal pelvis and hilum 
will remain in an anterior position. If the rotation is excessive , the pelvis 
and ureter will descend behind the kidney or along its external border. 
Whether incomplete or excessive, the anomalous rotation may cause 
obstructive changes, necessitating plastic operation, nephropexy, or 
even nephrectomy. 

Anomalies of the Renal Blood Vessels. Accessory or aberrant blood 
vessels to the normally placed kidney arc common and of great variety. 
They are of importance to the surgeon because they increase the hazards 
of operative ^ork upon the kidney, and to the clinician because of the 
frequency with which they cause, or help to cause, hydronephrosis. 

In congenitally misplaced kidneys, as previously noted, the blood 
supply is always abnormal, being derived from the nearest arterial source. 

The first important observations on this subject were published by 
the Anatomical Societies of Great Britain and Ireland in l$9l. Eighteen 
years later, Seldowitsch, a German investigator, examined 300 kidneys 
which he had dissected with a view to determining how frequent is the 
occurrence of abnormal renal vessels. In 1920, D. N. Eiscndrath pub- 
lished the results of his exhaustivestudics upon the subject, and, although 
much has been written since, later investigators have added little of im- 
portance to Eisendrath’s description of the anatomical variations com- 
monly encountered. 

Arteries. Anomalous arteries extending to the upper and lower poles 
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are the most frequently met with. These may arise from the aorta, the 
renal artery, or from other arteries such as the common and internal 
iliacs, spermatic, middle sacral, hepatic, and inferior mesenteric. There 
may also be duplication of the main renal artery; or the right and left 
renal arteries may both arise from a single aortic trunk. 

Ait upper polar artery arising fromthe main renal artery is usually short, 
taking its origin from the main renal artery at a point just before that 
at which the latter enters the hilum. It may, however, arise further 
back, nearer the aorta — so close, in fact, that for all surgical purposes it 
has the same significance as one arising directly from the aorta. 

Upper polar arteries from the aorta usually enter the kidney at its mesial 
border — rarely upon the anterior or posterior surfaces. Usually there 
is but one such artery, but occasionally a superior polar artery to each 
kidney will be observed 

Lower polar arteries from the main renal artery are uncommon. 

Lower polar arteries from the aorta are of great importance as they may 
compress the ureter and cause hydronephrosis. They also stand in 
danger of being injured during operations upon the kidney. Such in- 
ferior polar arteries not infrequently occur on both sides, either singly or 
in pairs; and either of these pairs of anomalous vessels may be accom- 
panied by a corresponding inferior polar vein. 

Lower polar arteries arising from the common and internal iliacs, middle 
sacral, or inferior mesenteric arteries are occasionally encountered. 

Duplication of the main renal artery is sometimes seen. The two 
arteries may be so far apart that one of them may be mistaken for an 
accessory artery to the lower pole. 

It has been determined that upper pole arteries arising from the main 
renal artery occur in about 1 out of 200 kidneys; upper polars arising 
from the aorta in about 1 out of 190 kidneys; and lower polars from the 
main renal, the aorta, or the iliacs, middle sacral, or inferior mesenteric 
arteries in about 1 out of 185 kidneys. 

The retropelvic artery is usually represented as having a fan-like dis- 
tribution, but dissections have shown many variations of this arrange- 
ment. The pelvis may be crossed by one or more anomalous vessels of 
large size, or even by the main renal. The commonly accepted course 
of the main retropelvic artery is called by Eisendrath the high type, to 
distinguish it from (a) a high middle and low' or fan-like distribution, 
(b) a high and middle type of branching, (c) a high and low type, (d) a 
single artery crossing the center of the pelvis, and (e) a middle and low 
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type, each of which he found 2 or more times in 124 dissections. Division 
of the single main renal artery into equal-sized branches is a common 
finding. Where there are two main renal arteries, one frequently be- 
comes the retropelvic, taking its origin directly from the aorta instead of 
from the main renal artery. 

Veins. Abnormalities of the renal veins are much less frequent than 
anomalies of the arterial system. Normally, there is one anterior renal 
vein. Anomalous arrangements vary considerably. The main renal 
vein may divide into branches of equal size, which pass before and behind 
the pelvis. The main renal vein, instead of being prepelvic, may be 
retropelvic — an arrangement found in over 4 per cent of kidneys. Aber- 
rant veins from the upper and lower poles occur. A large vein directly 
from the vena cava and an artery directly from the aorta have been 
found crossing in back of the pelvis. 

D. Physiology of the Kidney 

The function of the kidney, broadly considered, has been defined as 
"the maintenance of that constancy of composition of the internal fluid 
environment of the cells of the body which is essential not only for health 
but for survival.” (Richards, 1938) This function, which it shares 
with the skin, the gastrointestinal tract, and the respiratory’ system, it 
accomplishes by the elimination of urine. Not only must it rid the body 
of useless and harmful substances, such as unrequired water and salts, 
the waste products of metabolism, and foreign substances, but it also 
must protect the body against the loss of substances necessary’ for its 
maintenance — water, inorganic bases essential for the electrolyte balance 
of the blood, and diffusible food-stuffs. 

Although the literature contains voluminous accounts of experimental 
researches regarding the range of activities of the kidney — researches 
which have given rise to the many diagnostic and prognostic tests of 
renal function now available — these studies have yielded little information 
which defines the exact processes by which urine is formed within the 
kidney. The relating of secretory or conservatory’ processes to the dif- 
ferent parts of the renal apparatus remains, to a considerable extent, 
hypothetical. In spite of the great progress toward their solution that 
has been made in the last quarter century, the same questions which 
troubled the physiologists of the eighteenth and nineteenth centuries 
are still of great concern to present-day students of renal function, 
namely: (1) the extent of the glomerulus’ participation in the formation 
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of urine, and whether its role is an active or a passive one; (2) whether 
the tubule cells secrete substances from the blood into the lumen of the 
tubule, or whether they secrete constituents of the glomerular urine back 
into the blood from the lumen of the tubule, or whether they do both; 
(3) whether the structurally different portions of the tubule have dif- 
ferent functions. 

Earlier Concepts. Laurentio Bellini is believed to have been the first 
to publish a description of the renal tubules. In 1662, at the age of 19 
years, he wrote a book called De struclura renttm, based on dissection of 
the kidneys of a deer; in tbis was noted, for the first time, that the kidney 
“meat” was in reality a mass of tiny tubes, which arose from all directions 
but discharged their contents through a common outlet, the renal pelvis. 

In 1666, Malpighi described the globular bodies in the cortex, which 
soon became known as the malpighian corpuscles. He showed that they 
were connected with the arteries, but was unable to demonstrate their 
connection with the tubules, although he surmised it. 

In 1842, Wiliam Bowman, a young English anatomist and a master 
of dissection, published the results of his studies of tlie complicated 
structure of the renal tissue and the arrangement and function of the 
renal blood supply. More than 175 years after Malpighi’s demonstra- 
tion of the renal corpuscles and their connection with the arteries, Bow- 
man showed that each of these globular bodies is the dilated extension of 
a urine-bearing tubule and forms a capsule about the arteries, the intra- 
capsular space being continuous with the lumen of the tubule. He was 
thus the first to demonstrate the renal unit. Having noted a resemblance 
of the renal tubules to the acini of the digestive glands, Bowman con- 
cluded that the tubule cells secrete the waste products of metabolism 
from blood, and that these are washed out of the lumina by a saline 
stream which escapes from the blood through the glomerular capillaries. 

Shortly thereafter (1844), Carl Ludwig made known his hypothetical 
conception of Bowman’s capsule as a simple filter, which permits all the 
blood-plasma constituents except proteins to pass through it. In its 
passage dowm the renal tubule this filtrate is elaborated into urine, being 
concentrated and reduced in volume by reabsorption of much of the 
fluid from the tubule to the blood. Ludwig’s theory’ was one of simple 
filtration and reabsorption, in no way dependent for its continuance upon 
any vital capacity of the constituentcells. It had widespread acceptance 
for many years. 

The work of Heidenhain, of Breslau (1874-1884), caused a return to 
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the secretory theory originally advanced by Bowman. But, whereas 
Bowman regarded the tubule cells as secretory because of their appear- 
ance, Heidenhain conceived them as secretory because his investigations 
appeared to show that the diffusible dye, indigo-carmine, injected intra- 
venously, is excreted in the urine in high concentration, but sections of 
the kidney made during its excretion showed no evidence of its presence 
in the glomerular capsule. Further investigations showed massive accu- 
mulations of indigo-carmine within the lumina of the tubules under ex- 
perimental conditions which Heidenhain believed abolished glomerular 
function entirely. This investigator concluded, from his skilfully 
conducted studies: (1) that the glomerulus is not a filter but a secreting 
structure with the capacity of selecting what shall pass through it, (2) 
that the cells of the renal tubules are secreting cells, (3) that the rate of 
blood flow through the glomerular capillaries, rather than the blood 
pressure within them, is the prime factor in the production of glomerular 
urine. 

The Bowman-Heidenhain secretory theory held sway until the begin- 
ning of the present century, when there began to take place a gradual 
return to belief in the filtration doctrine. 

In 1917, Cushny, after a thorough analysis of the voluminous literature 
dealing with the two theories of secretion and filtration-absorption, ex- 
tended Ludwig’s views into what is termed the “modern theory” of renal 
function. The chief points in this theory are: 

(1) The blood pressure in the glomerular capillaries suffices for filtra- 
tion, and the capsule filters off the colloidal substances of the blood 
plasma to which it is impermeable, while allowing the rest of the constitu- 
ents to pass through without alteration in their relative concentrations. 
The glomerular filtrate is thus practically deproteinized plasma. 

(2) In its passage through the tubules, this fluid is altered by the 
absorption of certain of its constituents by the epithelium. The passage 
of the absorbed water and solids is an active absorption— not the passive 
diffusion believed by Ludwig to be sufficient. 

Current Beliefs. In the two decades which have elapsed since Cushny 
summed up the “modem theory,” great progress has been made in our 
understanding of the internal mechanisms of the kidney. 

Due largely to the work of A. N. Richards and his colleagues at the 
University of Pennsylvania, the existence of glomerular filtration and 
tubular reabsorption has been positively demonstrated. These investi- 
gators adapted to the study of the kidney two technics used in other con- 
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nections by other workers. One was a method of microscopic observa- 
tion of the frog’s kidney during life. The other was a micro-dissection 
method of obtaining samples of the fluids from the glomerulus and parts 
of the tubules, so that they were able to make chemical analyses of these 
minute quantities of fluid for the determination of individual constituents. 
They found that glomerular urine collected from frogs had the same 
composition as a plasma ultrafiltrate with respect to total concentration 
of solutes, total electrolytes, pH, chlorides, inorganic phosphates, glucose, 
urea, uric acid, creatinine, phenol red, indigo-carmine, and polysaccharide 
inulin (the last five substances having been injected intravenously or 
subcutaneously before the collection of the glomerular urine). 

“These results,” says Richards, “seem to me to leave little room for 
doubt that, in amphibia, the glomerular urine actually has the composition 
of a protein-free filtrate from plasma, precisely as Ludwig had imagined 
93 years ago. They show that, so far as the frog is concerned, Heiden- 
hain was wrong in denying that indigo-carmine escapes from the blood 
through the glomerular membrane. They give no evidence that the 
glomerulus possesses any capacity whatever of selecting what substances 
shall or shall not pass through it if only they are diffusible.” 

Subsequent investigations by Richards and others have convinced 
most students of renal physiology that the conclusions drawn from am- 
phibian experiments that the glomerular process is one of filtration can be 
safely applied to mammalian and human glomeruli. 

The fact that inulin, despite its high molecular weight and low diffusi- 
bility passes through the glomerular membrane as rapidly as do the much 
smaller molecules of urea and glucose indicates that the glomerular mem- 
brane is a relatively wide-meshed sieve. 

Inulin is excreted solely by the glomerulus, and its concentration in the 
glomerular urine is the same as that in the water of the blood plasma. 
Hence, in (he inulin lest we have an accurate method of measuring the 
rate at which the glomerular filtrate is formed and delivered into the 
proximal ends of the renal tubules. The amount of inulin excreted in 
the urine in a minute divided by the amount contained in 1 cc. of plasma 
( i.e ., plasma filtrate) gives the volume of filtrate in cc. per minute. 
(Richards) Professor Homer W. Smith, at the New York University 
Medical College, has shown that for adult man under basal conditions 
120 cc. per minute is the average rate at which glomerular urine is formed. 

The beginning of urine formation, therefore, consists in the separation 
from blood “of a torrent of undifferentiated filtrate by a blind physical 
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force. Its volume is so great as to contain all of the normal constituents 
of plasma which must be excreted, with the probable exception, for man, 
of a fraction of the creatinine; it contains also relatively vast quantities 
of glucose, amino acids, and salts which must not be excreted." (Richards) 
This filtration is accomplished by the glomerulus and its surrounding 
Bowman’s capsule, which, as we have seen, is the dilated extension of a 
uriniferous tubule, the intracapsular space being continuous with the 
lumen of the tubule. The blood pressure in the glomerular capillaries 
suffices for filtration, and the capsule filters off all the blood-plasma con- 
stituents except protein, to which it is impermeable. 

However, if this filtration were uncorrected, death from dehydration 
and loss of bases would promptly ensue. The corrective processes by 
which this is prevented — namely, the reabsorption of the water, salts, 
and diffusible nutrients essential for survival — are distributed among the 
various segments of the uriniferous tubule, the secretory capacity of 
which is selective. The glomerular filtrate, therefore, is elaborated into 
urine in its passage down the renal tubule, being concentrated and re- 
duced in volume by the active absorption of certain of its constituents by 
the epithelium of the tubule. 

That the tubule cells also have excretory capacities has been made 
clear largely through the work of E. K. Marshall, Jr. and his co-workers, 
in Baltimore. The demonstration of this capacity is as yet limited largely 
to the excretion of most of certain foreign substances, such as phenol red, 
indigo-carmine, and hippuran. Marshall showed, in dogs, that when 
small doses of phenol red are injected subcutaneously, only 5 to 10 per 
cent of the dye is excreted by the glomeruli; the rest is excreted by the 
tubules. Homer W. Smith showed that the same is true concerning 
man. Richards and his associates demonstrated that indigo-carmine 
and hippuran are also excreted, for the most part, by the uriniferous tu- 
bules. It has not been shown that substances which are normal products 
of metabolism or constituents of the normal diet are excreted by the 
tubules. 

From the uriniferous tubules the urine passes through the straight col- 
lecting tubules and papillary ducts into the calyces of the renal pelvis. 
Its transportation from the pelvis to the bladder is the function of the 
ureter. 
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CHAPTER XXXVII 

INJURIES AND DISEASES OF THE KIDNEY 
A. Injuries of the Kidney and Renal Pelvis 
Injuries of the Kidney 

Although the kidney is fairly well protected from trauma by reason 
of its mobility and position, injuries to it have increased considerably 
during recent years, mainly as a result of the increasing frequency of 
automobile and industrial accidents. Athletic sports also contribute their 
share of renal injuries. 

Etiology. Injury to the kidney may occur as the result of (1) direct 
trauma — kicks or blows in the loin or back, falls upon hard surfaces or 
objects, crushing accidents, or any cause which brings force to bear 
directly over the kidney area; (2) indirect trauma — transmitted violence 
from falls from heights onto the feet or buttocks; (3) violent muscular 
effort, such as the lifting of heavy objects, or sudden movements made in 
dodging blows or reaching to catch something; (4) gunshot or stab wounds. 
Rupture due to direct violence is by far the most common form of injury 
seen in civil practice. 

Renal rupture secondary to some pathological condition, with or without 
trauma (spontaneous rupture), is rare. Most cases of spontaneous 
rupture occur in hydronephrosis, but rupture in tuberculosis, abscess, 
calculus, and tumor has been reported. 

An apparently trivial accident may cause severe injury to the kidney. 
Sometimes a considerable interval may elapse before hematuria or other 
evidences of trauma are noted by the patient, and, if the accident has 
been slight, he may then have difficulty in recalling how or when he was 
injured. The kidneys are so well protected anatomically, however, that 
as a rule considerable force or pressure is required to injure them. 

The mechanics involved in rupture of the kidney from direct or indirect 
trauma were studied experimentally by Kuester (1896), who found that 
when the kidney is subject to direct trauma, or is forced, by transmitted 
violence, against the twelfth rib or upper lumbar transverse process, it 
behaves like a ball of fluid, transmitting the impact in all directions. 

The resistance offered by the kidney to external violence appears to 
1395 
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be largely determined by the strength of its fibrous capsule. In experi- 
ments conducted by Lowsley, it was found impossible to rupture the 
fibrous capsule of a dog’s kidney by striking upon its surface with a blunt 
instrument, although various degrees of injury could be inflicted on the 
cortex, depending upon the amount of force exerted. The injuries varied 
from slight subcapsular hemorrhage to complete pulpefaction of the 
traumatized section. Upon opening the fibrous capsule following the 
injury, brisk bleeding always occurred, and, in the case of severe injur}', 
serious hemorrhage was noted. The fibrous capsule may, however, be 
digested by the ferments released by traumatism to the cortical sub- 
stance, resulting in perinephritis, infiltration with urine and pus, and, 
in many cases, complete destruction of the kidney and menace to the 
life of the patient. 

When Stirling and Lands undertook similar experimentation, they 
applied force to a considerable area of kidney surface, which, they re- 
ported, produced such tension of the fibrous capsule as to cause it to 
rupture. They believed that a blow applied to a relatively small area 
might produce considerable damage to the parenchyma under the place 
where the blow fell, without causing any great increase in capsular ten- 
sion; but they felt that the type of blow employed by them was more 
nearly comparable to those most likely to fall upon human kidneys— in 
automobile accidents and similar catastrophes— than the type of trauma 
employed in our experiments. 

Pathology. Contusions and Ruptures. Injury to the kidney may 
vary all the way from tears of the fatty capsule without injury to the 
kidney, localized subcapsular hemorrhage, slight contusion of the paren- 
chyma, a single small fissure in the parenchyma, or other comparatively 
trivial lesions, to rupture of the renal pelvis, rupture of the parenchyma, 
capsule, and pelvis, complete severance of the kidney into two or more 
pieces, rupture of the vascular pedicle and tearing off of the ureter, or 
general pulpefaction— with or without complicating rupture of the peri- 
toneum or injur y to adjacent structures. 

Rupture of the kidney with tearing of the fibrous capsule is usually 
more serious than rupture of the parenchyma alone. When the capsule 
is intact, the hemorrhage remains under the capsule in the form of an 
ecchymosis or hematoma. In extensive pulpefaction, the hemorrhage 
may be rapidly fatal. If the capsule is also tom, there will be more or 
less extensive extravasation of blood into the perirenal tissues. Small 
extravasations may be readily and completely absorbed; in more ex- 
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tensive cases large perirenal hematomas form, which may in time become 
encysted and their walls thickened and even calcified. If a calyx or the 
pelvis is lacerated, there will be extravasation of urine into the perirenal 
tissues. When the peritoneum is uninjured, urine or blood, or both, 
after distending the perirenal space, may extend down through the in- 
guinal and femoral canals to the scrotum and thigh. 

The chief complications of renal injury arc hemorrhage and infection. 
Hemorrhage is the most constant and immediate danger. The bleeding 
varies with the type and degree of injury, but is present in all cases, al- 



though blood does not always appear in the urine. If the vascular pedicle 
is tom, the hemorrhage is usually so great as to cause prompt death from 
exsanguination. In less severe blood losses, where the patient survives, 
the kidney will become necrotic and, if the capsule has been tom, be 
surrounded by a large dot. 

A second and only slightly more remote danger is infection, which 
plays a very important part in renal trauma. The pathological picture 
may be altered at any moment by the intervention of bacterial agents. 
An infected perirenal hematoma quickly turns to a perirenal abscess. 
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Nowhere do microorganisms grow better than in such a clot, and, if 
extravasation of urine also takes place, or if the trauma is of such a nature 
that it has actually carried infection in to the site of injury, the stage will 
be set for the playing of a most virulent role by whatever infectious 
agent has gained entrance. Infection may be carried in by a ureteral 
catheter, introduced to a pelvis which has been lacerated and filled with 
blood that is partly coagulated but sterile, or it may be carried to such 
a pelvis by a blood stream infection from another source. There are so 
many ways for microorganisms to reach an injured kidney'that the sequel 
of infection is almost inevitable. 

If the infection is mild, the injurious results will be merely denser 
fibrosis and more extensive cicatricial distortion with healing. The more 
serious cases eventuate in pyonephrosis, with more or less complete 
destruction of the kidney, even if the traumatic injury was originally 
slight. 

Gunshot and Stab Wounds. Gunshot and other puncture wounds of 
the kidney are fairly frequent in war-time but uncommon in civil life. 
Such wounds are inflicted by bullets, shrapnel, fragments of shell, bay- 
onets, stilettos, slivers of glass or metal, or spicules of bone. The serious- 
ness of the wound varies with the extent of damage to the large blood 
vessels, the degree of infection, and the injuries to neighboring struc- 
tures. 

Shell wounds, which are usually large and destructive, and almost 
always associated with grave injuries to other abdominal viscera, as a 
rule require primary’ nephrectomy. 

Bullet wounds involving the hilum usually sever the vascular pedicle — 
demanding immediate surgical intervention. The passage of a bullet 
through any part of the kidney as a rule causes considerable destruction 
of the parenchyma, particularly if the weapon from which the bullet 
came is a high-powered rifle. If the injury is close to one pole, this entire 
area may be torn away, and there is usually considerable hemorrhage 
into the parenchyma beyond the damaged area. Sometimes the kidney 
may be completely split in two. In all cases in which there is much 
destruction of renal tissue from the entrance of the missile, the fibrous, 
as well as the fatty capsule, will be badly torn. If the injury is in the 
renal pelvis, there will be extravasation of urine into the surrounding 
tissues, and there is likelihood of some of the larger vessels participating 
in the trauma, resulting in profuse and oftentimes rapidly fatal hemor- 
rhage. When the peritoneum is injured, the extravasated urine will, in 
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all probability, set up a generalized peritonitis, and, even if the peri- 
toneum escapes unscathed, a subphrenic abscess may result from the 
urinary extravasation. 

As a rule, other abdominal viscera will be injured, especially the 
stomach, duodenum, and colon. 

Rupture of Previously Diseased Kidney: Importance in Industrial 
Surgery. Traumatic Rupture. A previously' diseased kidney is much 
more liable to traumatic injury than a sound one, and the outcome will, 
of course, be greatly influenced by pre-existing pathological conditions. 
This is of especial importance in damage suits and industrial surgery, 
for most cases of renal trauma are the result of automobile accidents or 
involve injuries suffered by workers in the pursuit of their occupations. 
The necessity for fixing liability, which has arisen since the enactment of 
workmen’s compensation laws, has rendered increasingly important the 
determination of the exact mechanism by which such accidents as kidney 
rupture occur, and whether the lesion is wholly due to the trauma sus- 
tained or is influenced by pre-existing conditions. 

When undoubted injury’ has been sustained by the kidney, it still 
remains at times a difficult matter to decide whether the urinary symp- 
toms existed before the accident but were thereupon aggravated, or 
whether a perfectly honest patient may not have first noticed pre-existing 
Symptoms after the accident had called his attention to them. The 
problem of deciding how great a factor in the present disability the 
trauma really has been may be a very difficult one. 

Spontaneous Rupture ( Non-Traumalie). A diseased kidney may also 
rupture without trauma (spontaneous rupture). While this is rare, it 
has been reported often enough to make its consideration necessary in 
cases where there is doubt as to the responsibility of an employer. 

In 1924, Henline reported from our service a case of spontaneous rup- 
ture of the kidney and cited 24 others — all that he was able to collect 
from the literature. In 1932, Mathe added 4 cases personally seen by 
him. 

Some form of renal disease which weakens the walls of the kidney’ or 
renal pelvis is a prerequisite to spontaneous rupture. Hydronephrosis 
or lithiasis is the etiological factor in most instances; but there have been 
reported causes as widely varying as tuberculosis, abscess, tumor, necrosis 
of the suprarenal gland, and renal arteriosclerosis — with chronic nephritis 
always present. When the wall has been weakened by disease, back 
pressure due to uieteral obstruction or reflux from the bladder may exert 
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enough extra pressure to rupture the kidney. It is well for one doing 
retrograde pyelography to bear in mind the possibility of rupture when 
the pelvis or kidney parenchyma is known to be weakened by previous 
disease. 

Any moderate exertion may cause rupture of such a diseased kidney — 
hence the importance of establishing the previous existence of the condi- 
tions predisposing to rupture. 

The pathological findings in spontaneous rupture of the kidney, while 
in general resembling those of traumatic rupture, will be complicated 
and modified by the pre-existing disease. 

The chief symptoms are sudden, severe pain in the kidney region, 
symptoms of infernal hemorrhage, and the presence of a retroperitoneal 
tumor. Death usually results in a short while from anemia, infection, 
or uremia due to the chronic nephritis. Surgery is the only hope, and 
usually consists of nephrectomy— although, if the capsule is intact and 
there is no infection, drainage may suffice. Rarely, spontaneous rupture 
may occur without these symptoms, but may manifest itself by an in- 
sidious onset and the development of a perinephritic abscess. In the 
case reported by Henline, the spontaneous rupture of the kidney resulted 
in a perinephritic abscess which burrowed its way through the body wall 
and presented itself as an extravasation of urine in the suprapubic region, 
scrotum, and perineum. 

Symptoms of Renal Injury. Though textbooks for many years have 
listed a number of “classical” symptoms of renal injury, it has been our 
experience that the symptoms seldom conform to the accepted rules, 
and, in the words of a recent writer, “may be a poor index to the gross 
kidney injury.” In many casesof kidney trauma there will be associated 
injuries to other viscera, fracture of the pelvis, or injuries to the spine, 
so that the renal injury is frequently overlooked at the time or its im- 
portance greatly minimized. 

The chief symptoms are shock, hematuria, pain, a mass in the loin, 
and rigidity of the affected side. Shock varies with the severity of the 
injury and the extent of hemorrhage. If there is much hemorrhage, its 
effect upon the pulse rate, blood pressure, and the general clinical picture 
will immediately be apparent. Pain is always present. The pain may 
be generalized over the abdomen, or may radiate to the back, shoulder, 
hip, sacrum, or the lumbar region. The passage of blood dots causes 
pain resembling renal colic due to calculus. 

Hematuria is present in a high percentage of cases, but unless the pa- 
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tient’s condition permits cystoscopic or urographic investigation, it may 
be impossible to establish definitely that the blood is coming from the 
kidney- If the hematuria increases — more blood appearing in the urine 
at each voiding — the suspicion of kidney trauma is greatly increased. 
If the ureter has escaped injury, the patient can often void without 
difficulty, but the bladder contents may be practically pure blood. 

Although hematuria is a common and important sign, the absence of 
blood in the urine does not rule out injury to the kidney; nor can the 
extent of the renal damage be estimated by the amount of blood in the 
urine. If there is no hematuria, it may be due to severance of the ureter, 
complete blockage of the ureter by a blood dot, or to reflex anuria follow- 
ing injury to the kidney. If the peritoneum is torn, the blood escapes 
into the peritoneal cavity. Very frequently there is extravasation of 
blood into the perirenal tissues — another factor which makes observa- 
tions upon the amount of blood in the urine of uncertain diagnostic value. 
If the patient seems but slightly shocked at first, but later relapses into 
profound shock, the occurrence of profuse hemorrhage is almost a 
certainty. 

Moving a patient with a ruptured kidney may cause additional bleed- 
ing by disturbing the clots which have formed at the site of the injury. 

Spontaneous rupture of the kidney, as previously noted, is usually 
manifested by sudden, sharp pain in the renal area, symptoms of internal 
hemorrhage, and the development of a retroperitoneal tumor. If the 
right kidney is the one affected, the presence of localized rigidity, local 
or diffuse tenderness, and generalized abdominal pain may suggest a 
ruptured appendiceal abscess. If the hemorrhage is profuse (as it usually 
is), there will be Llie usual symptoms of profound shock, with immediate 
subnormal temperature followed by a characteristic elevation due to 
the absorption of fibrin ferment (Doll). 

Diagnosis. A history of trauma, hematuria, and pain is strongly 
suggestive, though not conclusive. External evidence of injury may be 
absent. Bimanual palpation is valuable in localizing the injury, and will 
usually reveal more or less swelling in the loin, as well as rigidity and 
localized or diffuse tenderness. 

A hemoglobin percentage and total red-cell count is of the greatest 
importance. 

Cystoscopy and pyelography give invaluable information, not only as 
to the injured kidney but also regarding the function of the other side. 
Very often, however, the condition of the patient will not permit such 
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investigation, and, in every case, there is danger of introducing in- 
fection into the lacerated tissues. Excretion urography is superior to 
any other method at our disposal in these cases. Intravenous injections 
of opaque solution can be given even to an unconscious patient, and this 
method should prove of great help in many cases. Urography wall show 
a normal kidney on one side if the injury is unilateral, and some function 
on the injured side. Extensive rupture communicating with the pelvis 
and calyces will be revealed by extravasation of the opaque solution into 
the subcapsular tissues and renal parenchyma. If the renal injury' 
results in surrounding the kidney with a zone of edema and hemorrhage, 
the x-ray may reveal characteristic changes in the position and contour 
of the pelvis and ureter. 

Plain x-rays are also very valuable in determining perirenal hemor- 
rhage, and may be taken when a patient is too seriously injured for 
cystoscopic and pyelographic investigation. Suggestive, though not 
pathognomonic roentgenographic appearances are: obliteration of the 
psoas line; flexion of the spine toward the injured side; haziness or ap- 
parent enlargement of thekidney shadow; limitation or fixation of the 
kidney’s mobility. 

In cases where there is doubt as to the traumatic nature of the renal 
lesion, certain other conditions affecting the kidney must always bt 
ruled out. These are perinephritic abscess, which may be impossible 
to recognize except upon exploration, and new growth, tuberculosis, and 
certain non-specific infections— all of which may give x-ray pictures 
closely simulating renal trauma. 

Prognosis. In uncomplicated renal injuries of moderate degree the 
prognosis is good, and many patients will recover under expectant treat- 
ment. In more serious injuries, with severe hemorrhage, the prognosis 
depends on how promptly surgery is instituted. When the injuries are 
part of extensive trauma to the abdominal viscera, the mortality is very 
high. 

The remote possibilities of kidney injury must be considered. The 
destruction of renal parenchyma may lead to permanent loss of function. 
Rupture of the parenchyma into the calyces or pelvis, or injury of the 
pelvis alone or of the upper portion of the ureter, is likely, in healing, 
to result in cicatricial distortion of a calyx or the pelvis, and this, by 
impeding normal drainage, will lead to hydronephrosis. Thus, cases 
which urography showed to be healing well may subsequently develop 
into grave chronic conditions due to permanent urinary-tract damage. 
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The necessity of following up every case of renal injury long after healing 
has ensued should therefore be emphasized. 

Numerous cases are on record of calculi which apparently formed as a 
direct sequel to traumatic injury. The setting up of obstruction and 
retention provides conditions admirably suited to stone-formation. A 
blood dot or a fragment of necrosed tissue may form the nucleus about 
which urinary salts are rapidly deposited. 

The remote possibility of cyst-formation has been emphasized by Cols- 
ton and Baker, who, in considering the later sequelae of renal injuries, 
found that of 13 cases of such trauma, 6, or more than 40 per cent, had 
later cyst-formation, which would indicate that previous trauma may be 
responsible for the occurrence of renal cysts far more often than diag- 
nosticians are aware. 

Treatment. The treatment depends upon the severity of the injury, 
the general condition of the patient, and the coincidence of other injuries. 
As one peruses the late literature, the efforts to conserve trauma- 
tized kidneys become more noticeable and continuously more successful. 

If there is no sign of extensive hemorrhage or shock, or if intravenous 
pyelography can be done and the pyelogram shows no extravasation 
from the kidney, pelvis, or ureter, expectant treatment is indicated, but 
the patient should be observed carefully as to blood pressure, pulse rate, 
and the appearance of the urine. Sedatives are usually required to 
relieve the pain, which even in slight traumatism is severe. Fluids in 
generous amount should be permitted but they should not be forced. 
Urinary antiseptics should always be administered, in an endeavor to 
prevent infection of the kidney and bladder. 

If the shock is great, the patient should be given supportive treatment, 
including blood transfusion, and exploratory operation done at the 
earliest safe moment. If the injury' has not been grave at the outset, hut 
hematuria continues for longer than 24 hours, or if tenderness or swelling, 
or both, persist in the loin (even if there is no hematuria), exploratory 
operation should be done. 

The treatment of traumatized kidneys is further discussed under 
Operative Treatment of Renal Injuries (p. 1695). 

Injuries of the Renal Pelvis 

Injury to the renal pelvis is uncommon. In severe crushing accidents 
the entire organ may be reduced to a pulp, the pelvis suffering with the 
rest of the renal tissue. In general, however, the pelvis is less often 
traumatized than the renal parenchyma. 



1404 


CLINICAL UROLOGY 


Etiology. Most injuries to the renal pelvis can be grouped under three 
heads: (1) rupture from external force, (2) spontaneous rupture, (3) per- 
foration by ureteral catheters, bougies, etc., or rupture by excessive 
pressure during injection of pyelographic media. The first two types 
have already been considered when discussing traumatic and spontaneous 
rupture of the entire renal organ. 

External trauma is the most common causal factor. Spontaneous 
rupture usually supervenes upon long-standing hydronephrosis, where 
the pelvic wall has become so thinned out by constant distention that it 
finally gives way; or a stone may form within the pelvis, or be expelled 
into the pelvis from a calyx or from higher up, and, by erosion, gradually 
establish the conditions favoring rupture. 

A few instances of rupture of the renal pelvis following plastic opera- 
tion for stricture at the ureteropelvic junction have been recorded. The 
immediate cause is either a recurrence of the original obstruction, for 
relief of which the operation was performed, or the production of a new 
obstruction, which exerts back pressure of retained urine upon the suture 
line at the ureteropelvic junction. 

Resection of the pelvis for hydronephrosis may lead to rupture if 
proper precautions are not taken at the time of operation. 

Rupture of the kidney pelvis by excessive pressure during the injection 
of pyelographic solution has been reported numerous times. The extrav- 
asation may be limited to the parenchyma, or may extend through the 
capsule into the perirenal tissues. Such ruptures are much more likely 
to occur in the presence of chronic inflammation, ulceration, stone, 
marked hydronephrosis, or any lesion which has caused weakening of 
the walls of the kidney. They are also more apt to take place when the 
syringe method is used for injection. Shapiro and Veseen (1930) re- 
ported 5 deaths following bilateral pyelography, in 4 of which the syringe 
method was used. In kidneys whose walls have been weakened by 
disease, filling the pelvis to the point of discomfort is a dangerous 
procedure. 

The renal pelvis, like the ureter, may be perforated by a ureteral 
catheter or bougie. Such accidents occur more frequently in infants 
and children. It is unlikely that a normal renal pelvis in an adult can 
be perforated by the ordinary ureteral catheter, but such perforation 
may occur when the catheter is reinforced with a wire stylet. 

Pathology. Lacerations or perforations of the renal pelvis usually 
occur on its posterior surface, as would naturally be expected from the 
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anatomical arrangement and the approach afforded to instruments in 
particular. Any tear in the pelvis is likely to be radial, especially if a 
hydronephrotic pelvis has been traumatized by external force or has 
ruptured spontaneously. The laceration usually extends from a point 
near the junction of the pelvis and ureter in a direction corresponding 
to that taken by the uriniferous tubules. The extent of the rupture will, 
in general, bear some relation to the degree of back pressure of fluid, or 
intrapelvic pressure, which induced the rupture. The extrarenal type 
of pelvis is more susceptible to injury than the intrarenal. 

When the kidney itself is the main site of injury, a tear in the paren- 
chyma is likely to extend into the pelvis, if the latter is weakened by 
disease. Rupture of any of the calyces may also occur. When the 
calyceal rupture is due to trauma, the laceration may extend partly 
or completely through the adjacent parenchyma, which results in the 
extravasation of blood and urine below the true capsule of the kidney 
and heals with little or no permanent damage to the kidney. 

Symptoms; Diagnosis; Treatment. The symptoms, diagnosis, prog- 
nosis, and treatment of traumatic injuries to the renal pelvis do not 
differ from those of injuries to the kidney proper. 

B. Diseases of the Kidney and Renal Pelvis 
Hydronephrosis 

Definition. “Hydronephrosis” is the term applied to dilatation of the 
renal pelvis and calyces with retained urine, and the pressure atrophy of 
the parenchyma resulting therefrom. The degree of dilatation varies in 
every case, and ranges from a slightly distended kidney, little larger than 
normal, to an •enormous urine-distended sac occupying the greater part 
of the abdominal cavity. 

Hydronephrosis with suppuration is termed infected hydronephrosis- 
this is to be distinguished from pyonephrosis, which is a closed suppurat- 
ing kidney that follows an extensive pyelonephritis. In pyonephrosis, 
pelvic distention is absent or very slight, and is caused by pus and not 
by urine. An infected hydronephrosis may, however, progressively 
become a pyonephrosis. 

Intermittent hydronephrosis occurs when the cause of the obstruction 
is movable or variable, i.e., a calculus lodged in the ureter, which shifts 
from time to time, permitting urine to pass. 

The first mention in medical literature of hydronephrosis as a clinical 
entity appears to have been in Rayer’s Traits des Maladies des Reins 
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(1841). This author devoted some 30 pages of fine print to a discussion 
of the condition in all its manifestations. In 1857 Boogard reported 
an autopsy finding where “distention of the right renal pelvis was found 
and the inferior branch [of the renal artery] crossed the ureter near its 
origin, where a definite pressure was exerted upon the ureter, so that it 
was obliged to wrap itself around this branch in order to attain the 
bladder.” Thus was an important cause of hydronephrosis — kinking of 
a ureter around an anomalous vessel — recognized for the first time. 
Many more years elapsed, however, before full recognition was accorded 
this pathological condition. In 1894 Fenger described his plastic opera- 
tion for the relief of hydronephrosis due to constriction by aberrant 
vessels, and thereafter the urological profession began to tum its atten- 
tion to the varied causes by which this common lesion may be produced. 

Etiology. The fundamental cause of hydronephrosis is some form of 
obstruction to urinary drainage. It is, therefore, not a disease in itself, 
but a pathological manifestation common to many urinary-tract affec- 
tions. The obstructive factor may be (1) mechanical or (2) dynamic, 
the result of nervous or muscular dysfunction of some part of the urinary 
tract. The factors causing obstruction are many, and they may occur 
anywhere in the urinary tract, between the renal pelvis and the external 
urethral meatus, or they may lie outside the urinary tract. The simple 
classification of hydronephrosis into congenital and acquired forms, found 
in many textbooks, is unsatisfactory, because many cases diagnosed as 
either “congenital” or “acquired” are due to the interaction of both con- 
genital and acquired factors. For example, an anomalous condition, in- 
ducing retention and consequent infection, may ultimately be productive 
of stone, which, in turn, may be the direct cause of hydronephrosis. 

Mechanical and anatomical causes of urinary' obstruction, which may 
produce hydronephrosis, are as follows: 

Mechanical and Anatomical Causes of Urinary Obstruction 
Urethra: 

Congenital anomalies 
Phimosis (congenital; acquired) 

Pin-point meatus 
Atresia 

Diverticulum (congenital, acquired) 

Congenital posterior urethral valves 
Hypertrophied verumontanum 
Urethrocele 
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Stricture 

Calculus 

Tumor 

Cysts 

Bladder and Bladder Neck: 

Congenital anomalies 

Contracture of neck (congenital; acquired) 

Hypertrophy of neck 

Prostatic hypertrophy 

Prostatic neoplasm 

Median bar 

Hypertrophy of interureteral ridge 
Diverticulum of bladder 
Tumor 
Calculus 


Ureter: 

Anomalies of number (bifid ureter, etc.) 

Anomalies of termination 

Congenital valves and folds 

Stenoses 

Ureterocele 

Atony 

Stricture (congenital; acquired) 

Ureteropelvic junction 
Body of ureter 
Ureterovesical junction 
Kinks and angulations 

Retroperitoneal tumors or tuberculous glands compressing or impinging on 
the ureter 
Pregnancy 
Tumor 
Stone 

Ureteritis and periureteritis 
Blood clots 

Renal Pelvic and Renal: 

Anomalies of the kidney (form, number, position, size) 

Aberrant renal vessels 

Ptosis 

Stone 

Tumor 

Renal infection 
Aneurysm of the renal artery 
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Hydronephrotic kidneys are sometimes encountered in the newborn 
and in young children. It has been widely believed that high insertion 
of the ureter is the cause of many instances of hydronephrosis existing 
from birth, but there is a tendency now to regard the elevation of the 
ureteropelvic junction as a result rather than the cause of pelvic dilata- 
tion. Such a hydronephrosis, though essentially "idiopathic’' in that no 
primary cause can be demonstrated, would be increased by postnatal 
factors, such as calculus-formation, ureteral and pelvic dilatation and 
injury through stretching and weakening of the muscular structure, or 
the inflammatory conditions induced by urinary- tract infection. It is 
a reasonable deduction that the gradual increase in the size of a congenital 
hydronephrotic sac might set up, postnatally, any of the conditions 
heretofore looked upon as etiological factors. Valve-formation at the 
ureteropelvic junction might take place in this way, and high insertion 
of the ureter, or an anomalous course of an originally normal blood vessel, 
could readily be explained by these structures having been pushed out 
of the way of a steadily dilating renal pelvis. 

Hydronephrosis may be "acquired” early in life because of defective 
drainage, this in turn being due to some malformation of the renal pelvis 
itself, of the ureter, or of the lower part of the tract. Conditions that 
may produce hydronephrosis early in life are: congenital valves of the 
posterior urethra (relatively common), congenital stricture of the ure- 
thra, marked phimosis, contracted bladder neck, hypertrophied veru- 
montanum, cystic dilatation of the ureter, bilateral stenoses of the ure- 
ters, calculus in the urinary tract, lesions outside the urinary tract 
causing pressure on the ureter (rare in children), spina bifida or other 
lesions of the central nervous system, and congenital anomalies of the 
kidney and ureter. Hydronephrosis has also followed ureteral trans- 
plantation for the relief of exstrophy of the bladder. 

Congenital anomalies of the renal pelvis and ureter play an important 
part in the production of hydronephrosis in all periods of life. Such 
anomalies are by no means uncommon. Kretschmer (1937), in a study 
of 101 cases of hydronephrosis in infancy and childhood, found congenital 
anomalies of the kidney and ureter in 24, or 23.7 per cent. More than 
half of these were some form of reduplication of the ureter and pelvis. 
It is a well-recognized fact that a kidney which is congenitally malformed 
is more apt to become diseased than a normal organ. Infection usually 
plays an important part in these cases. Where there *is a bifid ureter 
of any of the various types that may occur, infection is likely to lodge at 
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the point of union of the two ureters, resulting in a stricture at this point; 
dilatation takes place above the stricture, both pelves often being affected 
in cases of double pelves. 

Supravesical Obstructions. The chief supravesical causes of obstruc- 
tion are: (1) strictures of the ureter due to inflammation, (2) calculus, 
either renal or ureteral, (3) kinking of the ureter due to abnormal mobility 
of the kidney, (4) aberrant vessels, (5) fibrous bands or adhesions com- 
pressing the ureter. The obstruction is most frequently located at the 
ureleropelvic junction. In 66 cases of non-calculous urcteropelvic ob- 
struction proved by operation at the Brady Foundation, of the New York 
Hospital, the cause of obstruction was as follows: stricture, 31 cases; 
aberrant vessels, 29; fibrous bands or adhesions, 18; high urcteropelvic 
insertion, 6. Frequently, there was more than one obstructive factor 
present. These conditions are discussed at length elsewhere and require 
only brief mention here. 

Strictures of the ureter are most commonly found at the ureteropelvic 
junction or at the ureterovesical orifice. The)' may be congenital or 
acquired. Inflammatory contraction at the ureteropelvic junction is 
one of the most frequent causes of hydronephrosis. In many cases in 
which aberrant blood vessels, renal mobility, or abnormal implantation 
of the ureter have been assigned as a cause of the hydronephrosis, careful 
examination of the upper ureter and renal pelvis will reveal inflammatory 
narrowings which probably have played the primary role. 

Calculi are seen frequently in association with hydronephrosis, and 
are recognized as a common factor in its production. In other cases 
they are a result of the dilatation, being due to urinary stasis. 

Although aberrant vessels have been greatly stressed in the literature 
as a frequent cause of hydronephrosis, and are discovered as a con- 
comitant feature in many cases, authors differ regarding their importance 
as primary etiological factors. In congenital hydronephrosis, it is prob- 
able that aberrant vessels are a fairly late cause of obstruction, aggravat- 
ing an already well-developed hydronephrosis. Many observers incline 
to the belief that while vascular anomalies are sometimes the primary 
cause of hydronephrosis, more frequently the relation of the aberrant 
vessel to the ureter necessary for the production of obstruction is the 
result of altered relations brought about by increasing size of the pelvis 
and descent of the hydronephrotic kidney, caused, usually, by an inflam- 
matory stricture at the ureteropelvic junction. Distention of the pelvis 
or ureter may so stretch a normal vessel that it, in turn, becomes aber- 
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rant. Aberrant vessels can interfere with the peristalsis of the ureter 
either by pressure or by pulsation. 


Posterior surface, 
of ri^kl kidney 



branch 

causing 


Fic. 309. Hydronephrosis of the right kidney caused by a large aberrant vein which 
crossed the ureter about 1 inch from the urcteropelvic junction, producing a right-angle kink. 
Note lobulation of the kidney. Male, aged 11 jears. 

Fibrous bands and adhesions, by compressing the ureter, may cause 
hydronephrosis. These are doubtless congenital in some cases, but more 
often they are due to inflammation in the neighborhood of the affected 
ureter. 

Periureteral fibrosis may compress the ureter and induce backing up 
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of urine sufficient to cause hydronephrosis. In women, such fibrosis is 
likely to be seen following gynecological operations or, less often, the 
use of radiation. The presence of pelvic tumors, cysts, or tuberculous 
glands may also cause compression of the ureter, with obstruction. In 
male patients, a not infrequent cause of obstruction leading to hydro- 
nephrosis is seminal vesiculitis, which may affect the tissues at the lower 
end of the ureter so as to cause fibrotic pressure upon it; or the inflamma- 
tion may even extend into the ureteral and periureteral tissues, resulting 
in scar tissue and stricture. 

Though renal ptosis is common, it is surprising how seldom well- 
established hydronephrosis is found in association with it. Careful 
investigation will usually reveal a stricture, constricting band or adhe- 
sion, or aberrant vessel, which has acted, with the kinking of the ureter 
due to the renal ptosis, to produce hydronephrosis. The mere fact 
that there exists a certain mobility of the kidney does not provide an 
explanation for hydronephrosis in such an organ (Movable Kidney, 
p. 1617). If, however, there is sufficient ptosis of the kidney to cause 
kinking of the ureter, or to place the ureter in abnormal relationship to 
blood vessels (aberrant or otherwise), which are thus enabled to press 
upon it, there will usually be enough obstruction produced to set up 
hydronephrosis. Often a ureter thus displaced will be fixed in its abnor- 
mal position by adhesions and fibrous bands which frequently are 
obstructive enough to cause stasis. Depending upon the examiner, 
the hydronephrosis in such cases may be interpreted as being due to 
movability, an aberrant vessel, kink, stricture, or fibrous bands or 
adhesions. 

Mathe, who has given special study to renal ptosis, holds that as the 
kidney gradually descends, the renal pedicle is slowly elongated, letting 
the kidney fall, although the upper part of the ureter may be held in a 
relatively normal position by a blood vessel which has chanced to inter- 
cept it. This observer has found that back pressure is more likely to 
take place when the kidney is only slightly movable. When there is 
great mobility, or the so-called “floating” kidney, the ureter is not likely 
to become obstructed because the kidney moves away from any aberrant 
vessel which might impede it, carrying the kidney in the same general 
direction. Hydronephrosis developing in a ptosed kidney is usually of 
moderate degree. Superimposed infection, however, may cause dense 
adhesions between the kink in the ureter and the wall of the renal pelvis 
or an adjacent renal vessel. 
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Trauma to the ureter, resulting from external accident (rare), ureteral 
instrumentation, or from involvement of the ureter in surgery upon 
neighboring organs, may be the cause of stricture and eventual hydro- 
nephrosis. Injury to the nerve ganglia of the ureteral wall will interrupt 
or inhibit permanently the normal ureteral peristalsis at the point of 
injury or anastomosis. A certain amount of stasis occurs above the 
obstruction, and this constant accumulation of urine causes dilatation 
of the ureter above the point of nerve injury — the dilatation frequently 
extending all the way to the renal pelvis. Hydronephrosis and hydro- 
ureter are very common findings in cases of ureteral trauma or 
anastomosis. 

There is probably also an occasional case of congenital neuromuscular 
defect in the ureteral wall. 

Neuromuscular dysfunction within the kidney itself may serve to set 
up hydronephrosis by much the same mechanism which induces stasis 
and back pressure in the ureter after injury to its nerve supply. Over- 
stimulation of the sympathetic nerves may bring about spasm of the 
smooth muscle of which the ureteropelvic “valve” is composed and which 
surrounds the necks of the major and minor calyces. Such spasm, if it 
occurs often enough, would quickly institute a hydronephrosis, which 
would be more or less intermittent in type. If such a spasm be more or 
less continuous, there will be a generalized increase in the tonus of all 
the muscles of the pelvis and calyces, and this, in turn, will bring about 
higher intrapelvic pressure and result in clubbing of the calyces and delay 
in evacuation of their contents. Von Lichtenberg has emphasized the 
comparative frequency with which such functional dynamic spastic 
contraction undoubtedly takes place, even though the condition is not 
often clinically recognized. He claims that at operation he has repeat- 
edly demonstrated this muscular contraction of the upper ureter, analo- 
gous to cardio-spasm or pyloro-spasm, and states that he found it in 
almost 60 per cent of a series at 80 pa tfen ts opera ted upon. Such neuro- 
muscular dysfunction is frequently associated with pyelonephritis. 

A rare cause of hydronephrosis is aneurysm of the renal artery, only 74 
cases of which have been reported in the literature (Lowsley and Can- 
non, 1943). 

In women, pregnancy, by inducing pressure on the ureters, commonly 
causes obstruction and dilatation. 

Infravesical Obstruction. The chief infravesical factors in the pro- 
duction of hydronephrosis are obstructive lesions of the bladder neck 
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(prostatic hypertrophy, prostatic neoplasm, contracture, median bar). 
Obstruction to drainage may also be caused by bladder tumor, stone, 
or diverticulum, as well as by lesions below the bladder neck, such as 
congenital valves of the posterior urethra, urethral stricture, diverticu- 



Kio. 310. Aneurysm of the renal artery. Gross specimen. (CJiristeller.) 


lum, tumor, or stone, or pin-point meatus. The hydronephrotic condi- 
tion is usually bilateral, although the extent of dilatation may vary on 
the two sides. The appearance of the ureters and renal pelves in a long- 
standing case of congenital valvular obstruction in a young child resem- 
bles that in advanced prostatism. 
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When the obstructive lesion is situated at the bladder neck or below it, 
the bladder, by a compensatory hypertrophy of its wall, is able for some 
time to empty itself fairly completely. The kidneys are thereby pro- 
tected from injury. As the obstruction increases, however, the bladder 
finds it increasingly difficult to empty itself. The retained urine increases 
in amount and becomes infected. Small cellules form between the hyper- 
trophied muscle bundles of the bladder wall, and, as the thinning of the 
wall progresses, a diverticulum (or several) may form, which may attain 
the size of the bladder itself. If the obstruction is not removed, back 
pressure on the ureters and kidneys will cause dilatation of these struc- 
tures, with the ultimate production of hydro-ureter and hydronephrosis. 

Pathology. The changes which occur within the renal pelvis and 
parenchyma as a result of blockage of the renal drainage system are 
essentially similar, whether such stoppage be partial and intermittent, 
or continuous up to complete occlusion of all outflow. 

When there is complete blockage at the ureteropelvic junction, or any- 
where in the ureter, the pelvis rapidly becomes distended with urine, 
and the entire kidney soon suffers pressure atrophy. If the original 
hydronephrotic collection is not promptly reabsorbed, there may be 
secondary atrophy or a general shrinkage of the renal tissue, and marked 
circulatory changes will be in evidence. 

It is obvious that if the secreting portion of the kidney continued to 
function unabated, but complete blockage of its outlet has taken place, 
there must be some way of equalizing intrapelvic pressure; otherwise 
rupture would occur within a short time. As a matter of fact, rupture 
of a hydronephrotic sac is a rather rare accident and is seldom spon- 
taneous, being commonly the result of external violence or muscular 
strain. Atrophy is the regular outcome of excretory back pressure, but 
there must be a counterplay between urinary secretion and pelvic 
absorption at such rates as to permit secretion to continue and yet main- 
tain an intrapelvic pressure sufficient to produce the effects known as 
hydronephrotic atrophy (Hepler). 

The results of his experiments to determine the importance of back 
pressure in the production of hydronephrosis have been summarized by 
Hinman as follows: 

Excretory back pressure is an essential factor in the production of hydronephrotic 
atrophy. Its effect is linked closely to nutritional disturbance Atrophy is more 
o! the anemic than of the pressure type. A relative increase of ischemia, whether 
general or local, causes a more rapid dilatation and atrophy even with a lower back 
pressure. Increasing secretory pressure alone does not affect the ordinary rate of 
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development. Back pressure is not the controlling factor. A complicating renal 
infection may modify it markedly, even producing a complete anuria. Hydro- 



nephrosis cannot develop with anuria, and any cause of anuria, therefore, would 
prevent the development of hydronephrosis. 
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The routes of absorption, which permit the continuance of the hydro- 
nephrotic condition, are of prime pathological importance. Experi- 
mentation has shown that there are two main routes: (1) through the 
tubular system, and (2) by way of the lymphatics. 

It is evident that urinary back pressure must have its most potent 
effect upon the blood vessels of the portion of the kidney directly affected, 
and that nutritional disturbance is produced by this pressure upon the 
vascular structures. Robbed thus of their blood supply, the tissues of 
the pelvis and renal parenchyma will soon dilate and atrophy. Dilata- 
tion will not be confined to the pelvis, but will soon extend to the tubes, 
and will react upon the peritubular vessels, resulting in compression 
and thinning out of the arterioles and their tributaries, and still further 
disturbances in nutrition and diminution of function. With prolonged 
backpressure, all the vascular tissue wall disappear, and in the attenuated 
sac which finally remains it will be impossible to find any structure of 
recognizable form except a few glomeruli. 

Though the mechanism of hydronephrotic atrophy and the paren- 
chymal changes, as seen microscopically, are identical under all circum- 
stances, the macroscopic appearance presented by the renal tissue varies 
in accordance with the character and location of the obstruction originally 
responsible. In early cases, in which the obstruction is low down, there 
is frequently compensatory hypertrophy and dilatation of the ureter, 
and less blunting of the calyces than is the case when the obstruction is 
at the ureteropelvic junction. The position of the pelvis in relation to 
the rest of the kidney is also important. If the pelvis is of the intra- 
renal type, the dilatation is likely to be mostly intrarcnal and at the 
expense of the parenchyma. If the pelvis is of the extrarenal type, the 
distention will be largely outside the organ, atrophy of the parenchyma 
taking place later. 

Infection is always an important factor, for a sterile hydronephrosis 
may at any time be converted into a pyonephrosis, which will exert a 
profoundly toxic effect upon the entire system, and this, in turn, will 
react upon the urinary tract. An infected hydronephrosis is much more 
difficult to treat than one which has remained sterile, and when surgical 
intervention is imperative, the prognosis will be greatly influenced by 
the type and extent of associated infection. 

Dilatation of the ureter and renal pelvis occurring during pregnancy 
has already been referred to. The kidney in pregnancy presents condi- 
tions peculiar to that state, which, though not properly termed "patho- 
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logical,” are yet so far from the normal non-pregnant state that they 
must be regarded as pathological alterations (Pyelonephritis of Preg- 
nancy, p. 1474). 

Symptoms. Hydronephrosis gives no typical symptom-complex, as 
is evident from a consideration of its etiology. Sometimes the symptoms 
are those of the pathological condition responsible for the development 
of the hydronephrosis (stone, ureteral stricture, movable kidney with 
kink, obstruction at or below the vesical neck, etc.). In other cases, the 
clinical picture is that of acute or chronic pyelonephritis, or of chronic 
nephritis. Frequently the hydronephrosis, though of marked degree, 
may be symptomless until the onset of secondary infection. Occasionally 
the hydronephrosis runs an apparently silent course and is discovered 
only on routine urological examination. Again, the general symptoms 
may completely dominate the clinical picture, delaying discovery of the 
urinary pathology until irreparable damage has been done to one or 
both kidneys. 

Hydronephrosis due to infravesical obstruction is of the bilateral ty pe. 
Unless infection has occurred, the renal condition is commonly silent, 
the clinical picture being that of vesical neck or urethral obstruction. 
When infection sets in, the clinical picture of acute pyelonephritis is 
added to the vesical symptoms. Symptoms of kidney involvement in 
the early stages are similar to those of chronic nephritis. The illness is 
of a general nature and may be very insidious and difficult to diagnose 
without a complete investigation. As nephritis may co-exist with ob- 
struction, it is essential in patients with symptoms of nephritis — par- 
ticularly elderly men — to determine definitely whether the symptoms 
are due to nephritis, or obstruction, or both. In infants, an abdominal 
tumor, incontinence, and constitutional uremic symptoms are suggestive 
of bilateral hydronephrosis due to obstruction in the lower tract. 

Hydronephrosis of supravesical origin is unilateral as a rule. When 
the stone, stricture, kink, adhesions, or pressure from tumors or preg- 
nancy is bilateral, obviously both kidneys will be affected. Owing to 
the presence of one healthy kidney, which can carry on the necessary 
excretory function, a unilateral hydronephrosis may progress unchecked 
to an enormous size. Unless there is severe secondary' infection, the 
symptoms in the unilateral cases are less likely to be general than in 
bilateral involvement, but arise chiefly from the pressure of the 
tumor. 

Irrespective of its cause, the chief symptoms of hydronephrosis are 
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pain in the back, with or without tumor, increased frequency, and pyuria 
and other symptoms of infection. The pain may be a constant, dull ache, 
which may be referred to the umbilical or other neighboring regions. 
More often it is of the colic type, and may recur frequently. In between 
the attacks the patient may feel fairly well. The pain may be associated 
with tenderness at the costovertebral angle. Tumor is sometimes the 
first indication of hydronephrosis, or it may not be delectible until the 
pain has become very severe, or it may be absent altogether. The tumor 
may be larger at one time than another, and moves with respiration. 
The pressure exerted by a hydronephrotic kidney on the surrounding 
tissues may induce circulatory and intestinal symptoms; in fact, gastro- 
intestinal symptoms are not infrequently the predominant manifestations 
of a hydronephrosis. 

Urinary symptoms are inconstant and often lacking. The most com- 
mon urinary symptom is increased frequency of urination. Often, fol- 
lowing an attack of pain, there may be a copious flow of urine, due to 
temporary relief of the obstruction. With attacks of renal or ureteral 
colic due to calculus, there is frequently associated hematuria. Hematu- 
ria may also occur without stone, but this is uncommon. 

When infection is superimposed upon the hydronephrosis, constitu- 
tional symptoms are added: chills, fever, loss of weight, malaise, head- 
ache, nausea and vomiting, and general septic poisoning. 

Diagnosis. With our present means of examination, the presence or 
absence of hydronephrosis can be established beyond doubt. Neverthe- 
less, as every urologist knows, this condition frequently progresses to a 
marked degree before it is discovered. The reason, as we have seen, 
is that hydronephrosis is often symptomless until a secondary infection 
supervenes, and the history and preliminary study may give no presump- 
tive evidence of its presence. If the possibility of hydronephrosis is 
borne in mind in those cases in which there is a history of recurring 
attacks of pyelitis, as well as in cases of persistent pyuria which fail to 
respond to proper medical management, and in cases with a long-standing 
history of symptoms indicating obstruction at or below the bladder neck, 
the proper diagnosis could be made more frequently and at an earlier 
stage of the disease than it has in the past. Indeed, it is hardly too 
much to say that hydronephrosis requires consideration in practically 
every case of genito-urinary disease, since back pressure— the essential 
cause of hydronephrosis — is a very common effect of urogenital anoma- 
lies and disease. 
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The diagnosis of hydronephrosis requires a consideration of the whole 
urogenital tract, since it is essential to determine not only the presence 
of a hydronephrosis, but also the nature and location of the obstruction 
responsible for the condition, the presence of secondary factors, and 
the extent of damage to the kidneys. This requires a complete uro- 
logical investigation, namely, a carefully elicited history, thorough physi- 
cal examination, and the combined employment of cystoscopy, ureteral 
catheterization, bacteriological and cytological examination of the urine, 
renal functional tests, and pyelography. 

The ordinary clinical examination may or may not give presumptive 
evidence of hydronephrosis. Physical examination may reveal a tumor 
in the kidney region which, while not pathognomonic, when correlated 
with other findings is diagnostically significant. The observation that 
the tumor has varied in size from time to time is important. The 
physical examination in small hydronephroses is negative. 

The lower urinary passages must be carefully examined for the pres- 
ence of strictures, prostatic enlargement, posterior urethral valves, or 
other causes of obstruction. If obstruction is found, investigation of the 
upper tract becomes necessary, to determine the extent of damage by 
back pressure and the presence or absence of secondary contributing 
factors. 

Of the special means for the establishing of a positive finding of hydro- 
nephrosis, ureteral catheterization and pyelography are the most useful. 
When inserting the ureteral catheter, it is important to watch the efflux 
of urine from the end of the instrument. Normally the urine drips 
from the catheter a few drops at a time; but if the end of the catheter 
lies in a hydronephrotic sac, the flow of urine will commonly be con- 
tinuous and copious. 

Renal functional studies are of great importance in hydronephrosis, 
but, unless they are thoroughly established, may easily be misleading. 
Of particular importance are the tests for relative function, urea con- 
centration, and the estimation of blood urea. 

The plain x-ray film, aside from showing changes in the kidney outline 
and stones when present, furnishes little diagnostic information. Pyelog- 
raphy, however— both retrograde and excretory — yields valuable infor- 
mation in this group of cases, not only in disclosing the anatomical 
condition, but also in revealing the nature and location of ureteral 
obstructions, disturbance of dynamics, or changes of tonus. The com- 
monly accepted pyelographic proof of hydronephrosis is the finding of 
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dilatation of the renal pelvis, together with blunting of the minor calyces. 
Later the minor calyces tend to coalesce, the major calyces become club* 
like, the pelvis increases in size, and there is considerable modification 
of the ureteropelvic angle. 

The value of serial pyelograms in hydronephrosis was reported on 
by Henline and Bray, of the Brady Foundation, in 1937. Although 
single pyelo-ureterpgrams are sufficient for the demonstration of some 
pathological conditions of the kidney and ureter, they can seldom be 
relied upon for the recognition of strictures, kinks, atony of the ureter, 
and certain other abnormalities which have an important bearing on the 
production of hydronephrosis. In the diagnosis of these conditions con- 
stancy is a factor of the greatest importance. Kinks and apparent dis- 
tortions at the ureteropelvic junction, which in a single urogram appear ’ 
to be obstructive, may be absent in a second urogram or proved to be 
non-obstructive with serial x-rays. 

In the study of hydronephrosis, serial pyelograms are of value in 
revealing not only the site and nature of the obstruction, but delayed 
emptying of the renal pelvis— the initial stage of hydronephrosis. Ex- 
cretory urograms are frequently helpful in determining the emptying 
time with marked obstructions, but a clear demonstration of the pelvis and 
calyces is seldom obtained in early hydronephrosis. Serial pyelograms, 
taken at varying intervals following retrograde pyelography, permit the 
diagnosis of even early obstructive lesions. Occasionally i t will be found 
that cases showing little or no evidence of pyelectasis or ureterectasis 
in the original pyelogram will reveal markedly delayed emptying time, 
with no evidence of contrast material in the ureter in the delayed films. 

Serial pyelography is discussed more at length under Roentgenography 
of the Genito-Urinary Tract (p. 133). 

Prognosis. The outlook in any case of hydronephrosis depends upon 
(1) the stage of the condition at which treatment is instituted, (2) whether 
or not infection has supervened, and (3) the underlying cause of the 
hydronephrosis. An early sterile hydronephrosis can usually be drained, 
and if the contributing obstructive factors are eliminated, the kidney 
often recovers its original efficiency. Unfortunately, many patients 
come under observation late in the course of the disease, when advanced 
destruction of the kidney has occurred, making nephrectomy necessary. 

Treatment The treatment depends upon (1) the underlying con- 
tributing factor or factors, (2) whether the hydronephrosis is early or 
advanced, (3) whether there is associated infection and, if so, its extent, 
(4) whether the condition is unilateral or bilateral. 
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Obstruction and infection being the primary causes of hydronephrosis, 
the paramount objective in the treatment of hydronephrosis is their 
complete and permanent correction. 

In hydronephrosis resulting from infravesical causes, the treatment is 
removal of the obstruction in the lower urinary tract as quickly as pos- 
sible. The hydronephrosis in these cases is usually bilateral. With 
removal of the obstruction, the kidneys will begin to function normally 
in so far as permanent damage to their structure permits. If the renal 
impairment has not been too excessive or too prolonged, the patient has 
an excellent chance of recovery. In these cases, if the obstruction has 
been of long duration, there will frequently be found secondary obstruc- 
tive factors which also must receive consideration. These may occur 
in either the lower tract, the bladder, or the upper tract. Such secondary 
factors include acquired diverticula, hypertrophy of the trigone, angu- 
lated hydro-ureters, stone, stricture at the ureteropelvic junction, etc. 

In hydronephrosis of supravesical origin, the first point to be deter- 
mined is whether the condition is unilateral or bilateral. When dealing 
with an early unilateral hydronephrosis due to stone, stricture, kink, or 
other cause of obstruction, the freeing of the obstruction, by either uro- 
logical dilatation of the ureter and lavage, or by a strictly surgical ap- 
proach, frequently proves successful. Many patients, however, will be 
found to have passed beyond help from these conservative measures. 
Nephrectomy is often necessary for a painful, functionless or poorly 
functioning kidney, or for a seriously infected kidney with moderate 
impairment of function. 

In hydronephrosis dependent upon a ureter kinked by the abnormal 
position of its kidney, splinting of the ureter by the insertion of a catheter, 
which then passes freely to the renal pelvis, will be followed immediately 
by a gush of urine, with rapid reduction in the size of the distended organ. 
Occasionally a ureter so straightened will not again become occluded, 
but more often, on withdrawal of the catheter, the ureter will again kink 
and the hydronephrotic sac refill. A slightly mobile kidney is frequently 
retained in place by a properly fitted belt, but in many cases surgical 
fixation of the kidney is necessary. 

Plastic repair of unilateral hydronephrosis should be done only when 
function has been found to be good or potentially so, and when the kidney 
is not too badly infected. The various types of plastic procedures 
applicable to the surgical repair of hydronephrosis of ureteropelvic origin 
have been described under Surgical Treatment of Non-Calculous Obstruc- 
tions at the Ureteropelvic Junction (p. 1305). 



1422 


CLINICAL UROLOGY 


Hydrocalyx 

“Hydrocalyx” is the term applied to dilatation of a single renal calyx 
without concomitant dilatation of the remaining calyces. It is due to 
obstruction or stricture of the infundibular portion of the calyx, or, ac- 
cording to K. H. Watson, in the absence of apparent obstruction, to 
achalasia at the neck of the calyx or at its junction with the pelvis. 
Dilatation of a single calyx which is not due to ulceration or calculus- 
formation is uncommon. However, even in the absence of stone, a dis- 
tended calyx may produce symptoms of retention, or retention and in- 
fection, of varying severity. The most common symptom is pain in the 
loin on the affected side; this may take the form of a constant dull ache, 
or paroxysms of sharp pain, or a persistent dull ache with intervals of 
acute pain. 

Beneventi, in a recent review of the literature, found the condition to 
occur in the third decade of life “with almost constant regularity.” He 
states that it must be differentiated from (1) calyceal diverticulum— a 
dilated cavity distal to and not a part of the calyx but connected to the 
calyx by a small channel; (2) a renal cyst which has ruptured into the 
pelvis, and (3) the calyceal dilatation or “clubbing” occurring in the 
course of pyelonephritis — called “localized obliterating pyelonephritis” 
by Hyams and Kenyon. 

Treatment. The treatment of bydroealyx has been either by nephros- 
tomy, with dilatation of the infundibular stricture, or by calyceal resec- 
tion. Beneventi, however, believes that open operation is not always 
necessary; that in some instances — particularly where the superior calyx 
is involved — it is possible to relieve the patient by retrograde dilatation 
of the infundibular stricture. A patient with a large dilatation of the 
superior calyx of the right kidney, with a definite stricture of the infun- 
dibulum, thus treated by him has been kept symptom-free for almost two 
years. During this period the hydrocalyx has substantially decreased in 
size, repeated tests have shown the renal function to be normal, and 
urine cultures have shown no growth. The dilatations must be done at 
fairly frequent intervals and may have to be continued over a considerable 
period of time. Eeneventi’s patient had dilatations every three weeks 
for about nine months; he was then given a rest period of nine months, 
during which he experienced none of his previous pain and enjoyed good 
health. 
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“Medical” Diseases of the Kidney ( Nephritis and Nephrosis) 
“Medical” diseases of the kidney, as opposed to the so-called surgical 
group, include those pathological conditions which cannot be definitely 
attributed to direct invasion of the kidney by bacteria, or to anomalies, 
obstruction and stasis, trauma, stone, cyst, or new growth. In the 
former (grouped as Bright’s disease) the pathological change may be 
proliferative, necrotic, or sclerotic, and is due to injury caused by extra- 
renal bacterial toxins, chemical injury, or metabolic alterations. 

Probably no subject in medicine has caused greater difficulty in classi- 
fication than that of Bright’s disease. The chief difficulty has always 
been the correlation of the various clinical types with the greatly diversi- 
fied postmortem appearances. Perhaps the most influential of the 
numerous classifications that have been put forth has been that of Vol- 
hard and Fahr (1914). The classifications of Elwyn, Cruickshank, and, 
especially, Addis, though admittedly deriving from Volhard and Fahr’s, 
have the merit of greater brevity and clarity, and will be followed in the 
present brief consideration of the subject. 

Any system of classification must take into account the fact that most 
lesions of Bright’s disease are composite in nature, affecting more than 
one part of the kidney substance and producing symptoms referable to 
different portions of the renal structure. The structure of the kidney is 
extremely complex, despite the fact that it consists of but three main 
elements: (1) the vascular structure, which, in addition to the renal 
arteries and veins, includes the glomerular tufts, (2) the interstitial 
tissues, (3) the epithelial tissues, including Bowman’s capsule and the 
membranous lining of the renal tubules. Bright's disease may attack 
any one or all of these structural elements. A given lesion is designated 
“glomerulonephritis” when it primarily affects the glomeruli, “inter- 
stitial nephritis” when it primarily affects the connective tissue, and 
"tubular nephritis” when it chiefly involves the tubules; but in most 
cases one or both of the other structural elements are more or less affected 
secondarily. 

From a pathological standpoint, three different types of lesions are 
to be distinguished in Bright’s disease: (1) hemorrhagic or inflammatory, 
(2) degenerative, and (3) sclerotic Only one type of lesion may be 
present, or two, or all three may overlap 
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Classification of Nephritis and Nephrosis 

A. Hemorrhagic (inflammatory) types 

1. Acute diffuse glomerulonephritis 

2. Subacute diffuse glomerulonephritis 

3. Chronic diffuse glomerulonephritis 

B. Degenerative types (nephroses) 

1. Pregnancy nephrosis 

2. Lipoid nephrosis 

3. Amyloid nephrosis 

4. Chemical nephrosis 

C. Sclerotic types 

1. Arteriosclerosis of the renal artery' and its larger branches (“senile” 

kidney — clinical picture not characteristic) 

2. Renal arteriolosclerosis (of Elwyn), without renal insufficiency, with 

the clinical syndrome of benign hypertension 

3. Renal arteriolosclerosis, with renal insufficiency 

a. Malignant form of renal arteriolosclerosis 

b. Malignant form of hypertension 

D. Mixed types 

(1) Hemorrhagic ( Inflammatory ) Nephritis 
Acute Diffuse Glomerulonephritis. Acute glomerulonephritis is a dif- 
fuse, bilateral inflammation involving principally the glomeruli, with 
secondary changes in the tubules. It is characterized by the presence 
of casts and abnormal quantities of red blood cells in the urine, and is due 
to the injurious effects of extrarenal bacterial toxins, particularly upon 
the glomerular capillaries. Glomerulonephritis follows many different 
kinds of extrarenal infections (focal, respiratory, the exanthemata, etc.), 
but differs entirely from the varieties of nephritis and pyelonephritis 
which are caused by direct bacterial invasion and which also follow 
extrarenal infections, usually staphylococcal and streptococcal infections 
of the skin or upper respiratory tract. It also differs from the renal 
inflammation occurring at the height of infectious fevers. 

Pathology. The lesions of acute diffuse hemorrhagic glomerulone- 
phritis primarily involve the glomerulotubular tissues, though patho- 
logical changes also occur in the interstitial elements, epithelium, and 
blood vessels. The kidney is larger than normal and usually cdcmic, 
but outwardly shows comparatively little abnormality. The capsule 
strips readily. The surface beneath will be found to be more or less 
hemorrhagic and congested, with actual areas of hemorrhage often 
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observable even before the cortex has been exposed by sectioning. The 
cortex is swollen and well marked off from the medulla, the grayish 
glomeruli standing out distinctly from the cortical tissue, which is of 
a brownish hue. The tints are those of congested tissues anywhere, 
but will vary according to the degree of congestion. 

Symptoms and Diagnosis. As a rule, the diagnosis is not difficult. 
The characteristic symptoms and signs are renal insufficiency, edema, 
hypertension, and blood, casts, and albumin in the urine. However, 
only one or two of these may be present, and the differential diagnosis 
may then be difficult. The onset of glomerulonephritis may be acute 
or insidious. Mild forms have been described, characterized by albu- 
minuria, microscopic hematuria, and casts, which eventually progress 
into the classic picture of gross hematuria, hypertension, and edema. 
Some observers believe that the fact that so many patients with chronic 
nephritis have no history of an acute attack may indicate that the initial 
stage was so mild as to be unrecognized, and that nephritis was not 
suspected until urinary abnormalities were discovered at a later date. 
If the onset is very acute, the attack may at first resemble an acute 
infection, with elevated temperature, chills, and vomiting. 

Prognosis. Many patients recover; but if the extrarenal factor con- 
tinues, subjecting the kidney to constant or repeated intoxications, the 
inflammatory reaction in the kidney may persist or suffer exacerbations 
and result in a subacute, subchronic, or chronic form of diffuse glo- 
merulonephritis. 

Subacute Diffuse Glomerulonephritis. The clinical manifestations of 
subacute diffuse glomerulonephritis do not differ materially from those 
of the acute form; in fact, it may be difficult to decide whether one is 
dealing with a mild acute attack or with an unusually active but none- 
theless subacute glomerulonephritis which is likely to progress to com- 
plete renal collapse unless appropriate therapeutic measures are promptly 
instituted. Many writers make a distinction between subacute and 
subchronic forms. Of the latter it need merely be said that they last 
longer and run, on the whole, a milder course, although they usually 
end fatally in from 1 to 3 years, whereas the fatal termination is more 
rapid in the subacute cases. 

Pathology. In the subacute form the kidney is soft and enlarged. 
The capsule strips easily, showing a pale, smooth under surface, mottled 
with grayish streaks and scattered over with yellowish spots, which are 
fat deposits or petechial hemorrhages. The glomerular changes may 
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be extracapillary or intracapillary, In the extracapillary form the capil- 
lary tufts are not enlarged, but are pale and ischemic in appearance. 
Masses of epithelial cell debris fill the capsular spaces outside the tufts. 
Later there may be hvalinization of the glomerular loops, with the entire 
glomerular area converted into a structureless mass surrounded by a 
thickened and degenerated capsule. In the intracapillary form there 
is enlargement of the individual glomeruli. The capillary tuft fills the 
capsular space because the loops have swelled, and the glomerulus itself 
has become infiltrated with an exudate in which the microscope can 
demonstrate leukocytes and endothelial-cell proliferation. According 
to Cruickshank, the views of Volhard and Fahr — namely, that there is a 
direct connection between the relative proportion of extracapillary and 
intracapillary glomerulitis and the rate of progress of the clinical signs 
of renal impairment — have found wide acceptance by both American 
and European authorities: 

Predominance of extracapiUary glomerulitis is found in those cases of subacute 
nephritis which terminate fatally within a few months of their onset. Throughout 
their course these cases exhibit clinical signs something like those of acute nephritis. 
On the other hand, if there is a predominance of intracapillary glomerulitis there is 
believed to be less interference with renal function, at least in the earlier stages, and 
the clinical manifestations are more like those of chronic nephritis. These cases, 
with their slower course and more gradual progress toward complete failure, arc 
distinguished from the other variety by the use of the term "subchronic. " 

The tubular and interstitial changes correspond in distribution and 
intensity to the lesions of the glomeruli. If the destruction of the glo- 
merulus is complete, there will be equal destruction of its tubule. Tubules 
which are not completely destroyed will usually be distended and show 
partial destruction of their epithelium, with areas of fat and hyalin 
degeneration in the remainder (see Nephrosis, p. 1429). Irregular de- 
posits of fibrosis, with cellular exudation and fatty degeneration, can be 
made out in the interstitial tissue, while hyalinization and perivascular 
fibrosis characterize the intima of the veins and arterioles. 

Symptoms and Diagnosis. As the subacute and subchronic forms of 
diffuse glomerulonephritis are progressive stages of the acute form, the 
clinical manifestations will be essentially similar: edema, changes in the 
composition of the urine, hyper tension, and altered blood findings. 

Edema, though a regular feature, may arise from several different 
causes. It may be due to cardiac insufficiency; or the edema, as in acute 
glomerulonephritis, may affect the serous cavities as well as the sub- 
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cutaneous tissues; or the fluid may have the “milky" appearance charac- 
teristic of lipoid nephrosis. The fact that the edema is so often of the 
nephrotic type may convince the examiner that he is dealing with a 
nephrosis instead of a subacute nephritis. Many cases probably actu- 
ally present elements of both the nephritic (inflammatory) and the 
nephrotic (degenerative) stages. 

Albumin, while never absent from the urine in subacute nephritis, 
may vary considerably in amount. Hematuria is present, as in the 
acute form, but the blood may range in amount from a few red blood 
corpuscles to an amount sufficient to produce urine of a deep mahogany 
color. The specific gravity also varies, but remains low as a rule, even 
when the total amount of urine voided is greatly reduced. The centri- 
fuged sediment shows, in addition to leukocytes, red blood cells, and 
epithelial debris, a wide variety of casts, mostly hyaline and granular. 

The cardiovascular picture in renal disease is sometimes so empha- 
sized that the renal condition will be neglected or unnoticed. When 
kidney disease has been present for some time, there is usually con- 
siderable cardiac hypertrophy, and the symptoms may closely simulate 
those of mitral disease. Later, when both heart and kidneys fail, the 
well-recognized symptoms of dyspnea, cyanosis, and syncope supervene. 

The hypertension of the subacute form of nephritis does not differ 
from that of the acute type— from 40 to 60 mm. Hg over the figures 
normal for the particular patient being about the average. Toward the 
end, however, when renal failure begins to be evident, the blood pressure 
may descend to practically normal. 

With increasing renal dysfunction, there will be a rise in the non- 
protein nitrogen content of the blood. Kidney insufficiency is evidenced 
by an increase in the blood urea, the creatinine, and the classic sign of 
the older clinical school — uric acid. When renal insufficiency increases 
rapidly, the volume of the blood plasma will be somewhat greater, but 
the red blood cells and the hemoglobin will be proportionately reduced, 
though the volume of leukocytes remains normal or but slightly above. 
Many Bright’s disease victims are markedly anemic. 

The ophthalmological signs of renal disease are important, and the 
progress of the disease may often be watched by inspection of the eye 
grounds. The chief eye signs are edema and choking of the disc, hemor- 
rhage into the conjunctiva, and, in the later stages, sclerosis of the 
vessels of the retina. 

Uremia is typical of chronic rather than subacute glomerulonephritis, 
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but the milder manifestations of uremia— nausea, vomiting, stupor, and 
muscular spasm — may be in evidence during the subacute course. 

Prognosis of Subacute Glomerulonephritis. The prognosis of the sub- 
acute form, unlike that of acute glomerulonephritis, is uniformly poor. 
The disease is progressive, and frequently terminates fatally in from 
3 to 6 months. 

Chronic Diffuse Glomerulonephritis. Like all chronic processes, 
chronic glomerulonephritis has its origin in an acute attack of the same 
pathological process. The first appearance of the renal affection may 
have been insidious and the condition have remained unrecognized until 
chronicity was well established. This is rare, however. Usually the 
acute phase is recognized and treated; and its subsidence into the sub- 
acute or chronicform takes placedespite every effort to stay theprogrcss 
of the disease. 

Pathology: Symptoms: Diagnosis. What has been said regarding the 
pathology and symptoms of the acute and subacute forms applies here 
also. All the symptoms are accentuated in so far as they show an 
increasing trend toward renal failure. There is an increase of protein 
in the urine, though this can be controlled to some extent by careful 
dieting. Hematuria is increasingly frequent, and edema is a constant 
feature. Blood pressure rises and falls, but tends constantly to remain 
at higher levels. When the blood pressure reaches the stage where it is 
permanently elevated, the chronicity of the disease is definitely estab- 
lished. Signs of renal insufficiency are increasingly evident. There is 
sometimes an increased output of urine of low specific gravity, but, in 
general, the urinary secretion diminishes steadily. Most striking in the 
chronic syndrome are the effects of cardiovascular hypertrophy and of 
generalized arteriosclerosis, which regularly accompany the persistent 
rise in blood pressure and the steady extension of the inflammatory and 
degenerative processes going on in the kidneys. To the symptoms pre- 
viously listed — headache, nausea, dyspnea, gastrointestinal symptoms, 
etc. — -must be added, at this stage, nasal hemorrhages and certain sub- 
jective manifestations, such as tinnitus aurium, disorders of the sensory 
nerves, excessive fatigue upon slight exertion, and a general slowing of 
physical and mental ability — all continuing in the downward course 
toward the inevitable termination, when renal insufficiency eventuates 
in complete renal failure. 

The amount of urine excreted remains fairly satisfactory so long as the 
heart continues compensated; but when cardiac failure begins, oliguria 
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sets in, and thereafter the urine typical of cardiac failure will be pro- 
duced — loaded with protein and carrying a heavy deposit of both organ- 
ized and unorganized elements. When cardiac failure is added to renal 
failure, no tests of renal function will be necessary to establish the immi- 
nence of the uremic state (see Uremia, p. 1436). 

Prognosis of Chronic Diffuse Glomerulonephritis. The victim of 
chronic Bright's disease may, and usually does, live for years in more or 
less acute discomfort; and because his affliction follows so slow and 
drawn-out a course, reducing his vitality” and making him peculiarly 
susceptible to any infection with which he may come in contact, he 
often dies of an intercurrent ailment. But even barring such accident, 
the termination is uniformly fatal. 

(2) Nephrosis 

The term nephrosis includes a variety of conditions in which degenera- 
tion of the epithelium of the renal tubules is the principal feature. The 
degeneration ranges in degree from simple cellular changes of the tubular 
epithelium to complete and widespread destruction. Under this designa- 
tion may be grouped not only lipoid nephrosis, amyloid kidney, the toxic 
nephrosis of pregnancy, and chemical nephrosis, but also hyaline, fatty, 
and necrotic changes occurring during the course of Bright’s disease. 

Some of these degenerative changes, like lipoid nephrosis, are easily 
distinguished, while others are vaguely defined and cause much difficulty 
in differential diagnosis. The hemorrhagic and inflammatory form of 
Bright’s disease often combines a necrotic element, and in some sclerotic 
cases degenerative changes take place in the tubular epithelium and, 
to a less extent, in the glomeruli as well These degenerative processes 
have symptoms characteristic of themselves, and differing from those 
regularly seen in the better understood types of Bright’s disease. Thus, 
in a single individual one may see clinical evidences that both nephritis 
and nephrosis have occurred, or one may see renal sclerosis and nephrosis 
in the same patient. In these "overlapping” cases diagnosis may be 
very difficult. 

Etiology. The various types of nephrosis may be due to metabolic 
alterations, or to chemical poisoning or bacterial intoxication. "The 
pathogenesis of nephrosis is complex and obscure, but appears to be 
, associated with general disorders of metabolism so that renal influences 
are secondary rather than primary causes in the development of its 
clinical manifestations” (Cruickshankl. 
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Pathology. The lesions of nephrosis are almost exclusively degenera- 
tive in type. They comprise cloudy and hydropic swelling, hyaline, 
fatty, granular, and lipoid degeneration, as well as amyloid and cal- 
careous infiltration. These lesions vary' within very wide limits. The 
degeneration affects primarily the tubular epithelium, particularly that 
of the convoluted tubules. Along with degeneration, the microscopist 
can frequently observe signs of cellular regeneration in the form of flat 
cells, resembling endothelium, directly beneath the degenerated elements. 
Changes are not, as a rule, noted in the glomeruli or collecting tubules 
until the disease has made considerable progress. Wien glomerular 
changes occur, the}' are degenerative rather than inflammatory in type. 

Lipoid Nephrosis. Lipoid nephrosis is a chronic type of parenchymal 
degeneration, showing distinctive and well-marked changes, namely, 
major involvement of the proximal convoluted tubules, which, micro- 
scopically, show a deposit of fat and lipoid in the cells. Lipoid nephrosis 
may occur alone, or in combination with diffuse glomerulonephritis, or 
with amyloid degeneration of the kidney. When it occurs together with 
chronic glomerulonephritis, we have the condition called “chronic paren- 
chymatous nephritis" by the older generations of renal therapists. 

Pathology. The greatest alteration is seen in the proximal convoluted 
tubules. The distal convolutions and Henle’s loop are usually less 
prominently involved, while the collecting tubules are seldom materially' 
changed. The tubular alterations take the form of dilatation, .with flat- 
tening of the lining cells in some areas, while in others the cells are so 
swelled as partially to occlude the tubule’s lumen. Much fat is deposited 
in the cells in any form of nephrosis. So much lipoid material may be 
present as practically to fill the cell-body, and, if a fat solvent is employed 
in staining, the cells will present a vacuolated appearance. Frequently 
the cell nuclei will have necrosed entirely. The lumen of the tubule 
may be filled with detritus-casts, granulations, and desquamations of 
the injured epithelium. The interstitial tissue is edematous and con- 
tains irregularly distributed lipoid deposits and areas of infiltration con- 
sisting of lymphocytes and leukocytes. In cases of long standing some 
of the tubules may be completely destroyed and replaced by connective 
tissue containing lipoid deposits. As a rule, there is little change in the 
vascular elements, though occasionally thrombi may form in the ather- 
omatous areas, the high fibrinogen content of the blood being probably , 
the cause of this thrombotic tendency. 

Symptoms and Diagnosis. Lipoid nephrosis is characterized by an 
insidious onset, a chronic course, edema, albuminuria, oliguria, and 
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changes in the proteins and lipoids of the blood. The beginnings of the 
disease are seldom noticed, the onset being so insidious that the patient, 
when giving a history, is often ignorant of even the approximate date. 
He can readily tell when he first noticed the “dropsy,” for this out- 
standing symptom constitutes the disease itself in the minds of most 
laymen. General symptoms, headache, malaise, and anorexia accom- 
pany the edema. A loss of weight is frequently masked by tbe accumula- 
tion of water in the tissues, for as soon as the edema can be controlled 
the patient will be seen to be greatly emaciated. 

The renal function is not often impaired, so far as can be ascertained 
by the results of the blood-urea clearance and urea-concentration tests. 
The water-excretion test will, however, show that the kidney is mechani- 
cally deficient. 

Because of the edema and albuminuria, differential diagnosis from 
glomerulonephritis, in which these symptoms are also prominent, may be 
difficult in some cases. Some authors, notably Fishberg, lay great stress 
upon the - blood changes as important diagnostic criteria. Well-marked 
hematuria, according to this author, does not occur in chronic nephrosis, 
and in the differential diagnosis from glomerulonephritis the fact that 
red blood cells are completely absent, or present in very small amount, is 
an important diagnostic sign. 

These blood changes involve primarily the colloids of the plasma with less striking 
alterations in the crystalloids. The abnormalities in the plasma colloids evidently 
result from the loss of protein in the urine and are identical with those found in other 
diseases with copious and protracted albuminuria, namely, the nephrotic type of 
glomerulonephritis and amyloid nephrosis. The loss of blood proteins in these 
conditions, combined with the efforts of the body to regenerate the proteins and per- 
haps to compensate in other ways for their loss, produces characteristic changes in 
the proteins, fats, and lipoids of the plasma. The resulting “nephrotic blood picture,” 
as it may be termed, consists essentially in the following: 

1. Decrease in the total protein content of the plasma, largely at the expense of 
the albumin fraction, with resultant inversion of the albumin to globulin ratio. 

2. Increase in the fibrinogen content of the plasma. 

3. Decrease in the colloid osmotic pressure of the plasma. 

4. Increase in the velocity of sedimentation of the red blood cells. 

5. Increase in the concentration of fats and lipoids in the plasma. 

In lipoid nephrosis there is such a degree of lipemia as to give a dis- 
tinctly “milky” appearance to both serum and plasma, and the hyper- 
cholesterolemia, so characteristic of nephrosis in general, is always to 
be noted. 

Prognosis. The prognosis is uniformly poor. The disease often lasts 
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for years, but is inevitably fatal. This termination depends upon 
whether it occurs by itself, or in combination with chronic nephritis or 
with amyloid disease (Elwyn). In cases with amyloid disease, the pri- 
mary lesion responsible for the amyloid changes determines the outcome 
of the lipoid nephrosis. In the cases with glomerulonephritis, death 
will be due to renal failure unless the patient's life is cut short by an 
intercurrent affection. The most common fatality, however, is a pneu- 
mococcus peritonitis, especially if the patient is a child. Such a com- 
plication may follow influenza or bronchitis, or may occur separately. 
Exposure of these patients to diphtheria, erysipelas, or other acute 
infections is almost invariably fatal. 

Amyloid Nephrosis. Amyloid nephrosis is a complication of chronic 
cachexia occurring as the result of some systemic disease, notably tuber- 
culosis, syphilis, or prolonged suppuration. It is of little clinical 
importance. 

Amyloidosis causes the kidney to enlarge and take on a waxy appear- 
ance, but structurally there is comparatively little change. Under the 
microscope the glomeruli will be seen to be involved in the amyloid 
deposits. These may be so located as to interfere with the free flow of 
blood through the individual glomerulus, which eventually may be con- 
verted into a shapeless mass that, when stained, will show the appearance 
peculiar to amyloid degeneration. There are secondary degenerative 
changes in the tubules. 

Though degeneration is a prominent feature of this disease, it seldom 
occurs in pure form, and nephrosclerosis usually supervenes promptly 
and modifies the clinical and pathological picture. 

The Nephrosis of Pregnancy. The nephrosis occurring with preg- 
nancy is of more importance to the average practitioner than is the 
amyloid kidney. This, also, is rarely “pure.” Nephritis of some type — 
acute, subacute, or chronic — will usually be observed in conjunction 
with it. A previous nephritis, perhaps manifested in early childhood 
and long forgotten, is likely to recur in the pregnant woman, and at this 
time a toxic nephrosis will usually be initiated in connection with the 
recurrent nephritis. 

Chemical Nephrosis. Chemical nephrosis is also of clinical impor- 
tance. This is an acute form of nephrosis due to mercuric chloride or 
other poisoning. The majority of cases are of suicidal origin. Death 
in such cases may be due to extraurinary lesions caused by the poisonous 
agent, or to renal failure resulting from the chemical injury to the renal 
parenchyma. 
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The kidney lesions may vary from simple cellular changes to general- 
ized tubular necrosis with renal insufficiency or anuria Upon the 
amount of poison carried to the kidneys by the arteries depends in large 
part the degree and distribution of the degenerative lesions. Although 
the extent and type of degeneration vary greatly, the lesions are largely 
confined to the proximal convoluted tubules, with relatively mild or no 
changes in the glomeruli. Usually there is some manifestation of 
destruction in the collecting tubules, though this may be very slight. 

(3) Sclerotic Diseases of the Kidney 

Sclerotic lesions of the kidney may be divided into two groups: 
(1) renal sclerosis without hypertension, (2) renal sclerosis with 
hypertension. 

The arteriosclerotic kidney is a part of a generalized arteriosclerosis. 
Sclerosis of the renal artery and its larger branches causes infarctions; 
and the resultant scarring, together with areas of normal parenchyma, 
produces the contracted, nodular, so-called “senile” kidney. This gives 
no characteristic clinical picture, although impairment of function is 
usually slight. 

The arteriolosclerotic kidney is the third form of Bright's disease. The 
essential lesions are in the blood vessels. As in the “senile” organ, the 
kidney is contracted and irregularly nodular, with areas of functioning 
parenchyma persisting between the scarred areas resulting from infarc- 
tion, so that normal function is maintained. The granulations, however, 
are much finer than in the arteriosclerotic kidney. Hyalinization and 
perivascular fibrosis characterize the intima of the veins and arterioles. 
Obliteration of the glomeruli gradually occurs, with atrophy of the 
related tubules. The larger vessels are also involved. A malignant 
type has been described in which there is greater and more rapid destruc- 
tion, with renal insufficiency. Two types of renal arteriolosclerosis can 
therefore be recognized: (1) renal arteriolosclerosis without renal insuffi- 
ciency, with the clinical syndrome of benign hypertension; (2) renal 
arteriolosclerosis with renal insufficiency, or the malignant form. 

(4) Treatment of Nephritis and Nephrosis 

The treatment of the various forms of Bright’s disease has always been 
considered a purely medical situation, except for the fairly well-es- 
tablished operation of decapsulation and the treatment of ureteral stric- 
ture and other obstructive lesions of the urinary tract which are regarded, 
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by Hunner and numerous others, as having a direct bearing upon the 
problem of Bright's disease. 

In general, the non-surgical treatment of diffuse glomerulonephritis 
is directed to the establishment of conditions which will provide the ailing 
kidneys with as complete rest as possible and give the damaged renal 
tissue the greatest possible opportunity for regeneration. Renal dys- 
function due to degenerative lesions of the kidney present an extremely 
difficult, if not insurmountable, obstacle to successful treatment by meas- 
ures now at our disposal. 

Diet. When blood chemistry shows high nitrogen retention, a con- 
trolled protein intake becomes absolutely essential. Therefore, dietary 
regulation is the physician’s first concern. It is now generally conceded, 
however, that it is a mistake to limit the protein intake too severely for 
long periods. If edema is persistent, a considerable amount of protein 
may be passed in the urine— enough to constitute a very serious loss; 
and if the intake is restricted, the patient may literally be starved to 
death. As a result of increased protein metabolism, more urea is formed 
in the kidneys, as this doubtless has a certain diuretic effect upon the 
urinary proteins. 

Cameron, from his own experience and a careful study of the evidence 
favoring a liberal protein intake, recommends only moderate restriction 
during the initial and terminal stages, with, under other circumstances, a 
basic ration of 70 to 80 gm. per day, to which should be added the equiv- 
alent of the protein lost in the urine. 

Addis and Lew, and Bergman and Drury, in experiments with rats, 
arrived independently at the same conclusion, namely, that the deleterious 
effect of meat protein in acute glomerulonephritis is due to the high con- 
tent of potassium. States McCann, commenting on the findings of these 
investigators: 

If the loicgoing observations and interpretations arc correct, the amount of protein 
may prove to be not as important as its source. Milk proteins maybe less objec- 
tionable from the standpoint of having less potassium. One may also speculate as 
to whether the toxic effects of potassium might not be removed if there were a proper 
balance of other mineral substances, such as calcium anti sodium. 

In cases which display much tendency toward nausea and vomiting, 
so that food is retained with difficult}', a Murphy drip, using 50 per cent 
glucose solution, provides nourishment while resting the outraged stom- 
ach, and by the high concentration of glucose gives a smaller water 
intake and thus lessens the strain upon the crippled kidneys. As the 
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glucose solution requires no digestion before it is absorbable, it will be 
found a valuable aid in many of these difficult cases. 

In the benign forms of nephrosclerosis, it is seldom necessary to limit 
the protein intake. On the other hand, when the case has advanced to 
the malignant form, with a high percentage of urea-nitrogen present in 
the blood, the amount of protein ingested should be limited to the utmost. 
The therapist encounters the greatest difficulty when dealing with a 
mixed type of Bright’s disease, in which both excessive blood urea and 
edema are prominent features. Often it is impossible to tell whether 
the edema is due to cardiac failure, or is solely the result of disturbed 
renal function, and only by continual watching and the cautious em- 
ployment of whatever seems to be the best therapeutic practice at any 
given period of the disease can the best interests of the patient, both 
dietetic and otherwise, be served. 

In the nephroses of children, Farr and Van Slyke have found that, 
when the plasma albumin concentration is above 1.2 gm. per 100 cc., 
edema can usually be controlled satisfactorily by simple restriction of 
salt, together with an adequate diet. 

In lipoid nephrosis, the best results have been obtained by the use of 
high carbohydrate diets, blood transfusions, and diuretics. 

Renal Decapsulation. Renal decapsulation is the stripping from the 
kidney of the greater part of its fibrous capsule. This method of treat- 
ment was first advocated for patients with Bright’s disease by Harrison, 
in 1896. It has been widely employed in all types of Bright’s disease, 
both acute and chronic, as well as in nephralgias and acute renal infec- 
tions. Numerous hypotheses have been advanced to explain the mecha- 
nism of improvement in renal function following decapsulation, none of 
which is satisfactory. The operation is most frequently done in cases of 
acute glomerulonephritis, pregnancy toxemia, and mercuric chloride 
poisoning, the theory here being that if the fibrous covering is stripped 
off, the congestion will not be enclosed in a firm capsule and the edema 
of the kidney will not, therefore, result in complete dysfunction of the 

organ. 

The indications for decapsulation in various tj'pes of nephritis and 
nephrosis are still indefinite, and the operation is employed more or less 
empirically. Though we admittedly are unable to predetermine the 
renal changes which decapsulation might be expected to alleviate, and 
though the results in the majority of patients have been unsatisfactory, 
the operation produces definite improvement in some cases and in others 
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has apparently been life-saving. It should, therefore, be considered in 
certain cases of anuria or oliguria occurring in the course of nephritis or 
nephrosis when medical measures have failed (Operative Treatment of 
the Kidney: Decapsulation, p. 1707). 

The best results from decapsulation have been in acute glomerulo- 
nephritis, especially in children, certain cases of chronic glomerulo- 
nephritis and of chronic nephrosis with edema, and, particularly, in 
pregnancy toxemia. It is probably never indicated unless there is anuria 
or oliguria. While the results have been less satisfactory in toxic ne- 
phrosis due to mercuric chloride poisoning, decapsulation, together with 
the intravenous administration of large amounts of saline and glucose, 
still appears to be the most rational treatment for chemical nephrosis 
with amnia. 

(5) XJremia 

Uremia is the presence in the blood of the urinary elements normally 
excreted by the kidneys, and the toxic condition produced by their 
retention. It is a development of the chronic form of nephritis as a rule, 
although it may also occur in acute attacks. Of the several clinical forms 
of uremia, only two need be considered here: (1) the acute convulsive 
type and (2) the chronic retention type. 

Acute Convulsive Uremia. Acute convulsive (or “eclamptic”) uremia 
develops rapidly, and is a relatively common occurrence in the course 
of diffuse glomerulonephritis, both acute and chronic. The syndrome 
is not seen with nephrosis except when there is much edema, which has 
involved the face and, inferentially, the brain. Its familiar manifesta- 
tions are attributed to constriction of the smaller arteries within the 
brain; this is but part of a generalized vascular constriction, with edema 
and swelling having a relationship to that seen elsewhere in the body 
during these attacks. Examination of the eye grounds reveals this vascu- 
lar constriction in the brain dearly in the narrowing of the ocular vessels. 
Elwyn states that variations in the rapidity or slowness with which the 
edema of the brain is produced are in all probability responsible for the 
variations in the clinical picture. 

The patient first complains of headadie, which constantly increases 
in severity. This is followed by slight twitching in the limbs or about 
the face, after which the body becomes rigid, with the legs extended, the 
joints flexed, and the jaw tightly locked. The rigidity involves the 
chest muscles, and the face— at first pale — soon becomes purple, with 
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visible swelling of the cervical vans. The eyes are insensitive to light, 
the pupils dilated and rolling. The tonic stage of the convulsion 
lasts for from 15 to 30 seconds, after which the clonic period sets in, with 
convulsive twitchings of the face and limbs, or even of the entire body. 
The intervals between the seizures gradually lengthen, and the seizures 
finally cease and are followed by profound coma, with stertorous breath- 
ing similar to that in epileptic seizures. All the mental symptoms of 
cranial neoplasm may appear — such as confusion, mania, hallucinations, 
and delirium — making differential diagnosis difficult Again, only de- 
pressive symptoms will be in evidence, the patient remaining stuporous 
and unresponsive to stimulation of the sensorium 

Chronic Retention Uremia. Chronic retention uremia seldom develops 
except after kidney function becomes seriously impaired. It usually 
appears as a late manifestation of chronic Bright’s disease, and its clinical 
symptoms are indistinguishable from those induced by urinary-tract 
obstruction due to mechanical causes wholly unrelated to Bright’s disease. 
Chronic retention uremia, therefore, is not pathognomonic for any renal 
or urinary-tract lesion, and its cause should be carefully sought in the 
few instances where the patient’s previous medical history has not al- 
ready furnished the information Though this form of uremia may 
occasionally supervene when the functional ability of the kidney has not 
been deemed seriously lessened, as a rule it appears late in the course of 
chronic Bright’s disease, being ushered in by headache, vertigo, loss of 
appetite, weight, and strength, and the clinical syndrome regularly 
associated with the sclerotic form of Bright’s disease in particular. 
Hypertension increases constantly, and the urine shows many casts, 
much albumin, and other evidences of lessening of renal efficiency, as. 
well as a steady decrease in the total amount excreted. 

With increasing renal impairment, the patient experiences muscular 
contractions, cramps in various parts of the body, itching of the skin, 
and other subjective sensations. As the uremia becomes more profound, 
the digestive disturbances and bowel irregularities are accentuated : the 
diarrhea may eventuate in an ulcerative colitis, and sometimes an acute 
gastritis with ulceration appears as a terminal manifestation. The 
mouth is dry, the tongue heavily furred, and the gums resemble those 
seen in scurvy. The breath becomes extremely foul. 

Hiccough is frequently very troublesome, resisting treatment. There 
is shortness of breath, coming in paroxysmal attacks known as renal 
asthma, and in advanced cases there is the Cheyne-Stokes type of breath- 
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ing. When coma sets in, there is air-hunger, with a hissing sound on 
expiration. 

The effect of the uremic condition is noticeable in the extreme irrit- 
ability displayed by persons who previously were self-controlled and 
even-tempered. In most cases there is a gradual but steady dulling of 
the mental faculties, declining into coma by slow degrees. Visual dis- 
turbances almost always arise, but other sensory irregularities van' in 
individual cases. 

The tremendous increase of the blood’s non-protein nitrogen content 
is the most striking feature of chronic uremia. There is a gradual lower- 
ing of blood pressure, and as the pressure goes down the nitrogen content 
is proportionally increased. Lessening of the carbon dioxide content of 
the blood determines the degree of acidosis present in a given case. It is 
not unusual to obtain figures of 30 to 20 volumes per cent, and some 
have reported as low as 10 volumes per cent. The range of the figures 
for non-protein nitrogen is from 100 to 300 ragm. per 100 cc. of urine, 
and this rises upon occasion as high as 500 mgra. Concurrently with this 
increase in non-protein nitrogen will be found higher values for all the 
other nitrogenous substances making up the blood volume: uric acid 
often rises from a normal of 2 to 3.5 to 10 to 20 mgm.; while creatinine, 
normally in a proportion of 1 to 1.5 mgm. per 100 cc., rises frequently 
to from 5 to 40 mgm. In uremia, the amount of blood calcium declines, 
while the phosphorus content rises. If the phosphorus level is high, it 
may be taken as an indication that the fatal termination will not long 
be delayed. The accompanying acidosis is probably due to the kidney’s 
loss of power to produce ammonia, and perhaps also to the general de- 
hydration, which would make the proportion of both arid and nitrogen 
correspondingly greater. 

Treatment of Uremia. The physician first ascertains the cause of 
the uremia and attempts to relieve it. In chronic retention uremia 
occurring as a late manifestation of Bright’s disease the outlook for the 
patient is uniformly poor. Treatment is palliative. 

Measures that have been found useful in the treatment of uremia are 
high colonic irrigations and infusions of normal saline, with or without 
glucose. The latter are particularly helpful when the patient is subject 
to vomiting, as is usually the case in uremia. Infusions, not exceeding 
500 cc. in volume, may be given 2 or 3 times daily. When vomiting is 
excessive, tap water may be injected into the rectum in 250-cc. doses 
every 4 hours, to prevent dehydration and dilute toxins in the blood. 
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Fluids should be forced if the patient is able to take them. Certain 
.drugs, such as potassium citrate, are given to stimulate the excretion of 
poisonous materials retained in the blood. Thyroprotein may be ad- 
ministered if urinary secretion is diminished, as it usually is. The patient 
is given 2 cc. of the drug , followed by 1 cc. every 3 hours until 5 cc. has 
been given. 

Acute convulsive uremia is customarily handled by the administration 
of such medicaments as chloral hydrate or a morphine derivative, while 
venesection and lumbar puncture will often stop the convulsive seizures 
and afford temporary relief of symptoms. 

The treatment of puerperal eclampsia is beyond the scope of this book. 

The Renal Factor in Arterial Hypertension 

Earlier Investigations. The frequent association of renal lesions and 
arterial hypertension is a clinical observation of many years’ standing. 
In 1909, Janeway published a brief note on rises in blood pressure ob- 
served after the ligation of branches of the renal arteries in dogs. In 
1910, Longcope and McCIintock, while studying the effect of constriction 
upon the splanchnic arteries, observed a relationship between chronic 
pyelonephritis and sustained elevation of arterial pressure. Not until 
1930, however, was serious attention paid to the role that disease of the 
kidney might be capable of playing in high blood pressure. After Gold- 
blatt, Page, and many others had proved by animal experimentation that 
certain cases of so-called “essential” hypertension indisputably have their 
origin in pathological conditions within the kidney, Longcope re-stated 
his findings of a quarter-century earlier, which he was now able to but- 
tress by an imposing array of scientific evidence. 

Experimental and clinical evidence continued to accumulate. It was 
roncluded, from certain experimental work, that arterial hypertension 
was probably the result of obstruction to the renal circulation. It was 
likewise observed that secondary hypertension was more often associated 
with kidney disease than with diseases of all other parts of the body com- 
bined. Glomerulonephritis, for example, is practically always associated 
with hypertension. So constant is this finding that when no marked 
rise in arterial pressure can be demonstrated in a glomerulonephritic 
patient, it is safe to assume that he has the kidney lesion in a very mild 
form. 

Renal Pressor Substances and Arterial Hypertension. Goldblatt 
and others continued their investigations until they had shown that 
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there probably exists in the normal kidney a pressor substance which is 
greatly increased in volume when the kidney is diseased or artificially, 
rendered ischemic. It is assumed that, in the normal processes of metab- 
olism, this substance is discharged into the blood stream. If the renal 
circulation is obstructed, or otherwise impaired, the kidney is no longer 
able to excrete or neutralize this pressor substance. These assump- 
tions were confirmed by observations upon human subjects of nephrec- 
tomy upon an ischemic kidney. When such a kidney was removed, the 
blood pressure, which had previously been high, immediately subsided 
to normal. 

Carrying forward the idea of a pressor substance, many investigators— 
notably I. H. Page and his group at the Lilly Clinic — studied renin and 
other kidney extracts in the hope of isolating the causal agent of increased 
blood pressure. Eventually they discovered what they termed "renin 
activator,” i.e., a substance (special protein) which must be present with 
renin to make the latter act to induce arterial hypertension. Without 
positive proof, it seems highly probable that renin is an enzyme acting 
on a substrate, which may very well be renin activator. The final con- 
clusion has been— so far, at least — "that the pressor substance was not 
renin itself but a third substance formed as the result of interaction of 
renin and renin activator ... a heat-stable, dialysable material with 
strong pressor properties,” which was called "angiotonin” by Helmer and 
Page. When administered to experimental animals, this substance is 
found to raise the blood pressure to a considerable degree without produc- 
ing any of the severe symptoms which accompany the artificial production 
of hypertension by other means, such as placing a damp on the renal 
artery. By the employment of established tests of renal function, it was 
found 

. . . that the filtration rate (insulin clearance) is well maintained, while there is in 
many — but by no means all — a tendency to reduced renal blood flow. Maintenance 
of filtration at normal levels while plasma flow is somewhat reduced indicates that 
there has occurred an increased pressure head in the glomerular capillaries, so that 
more water is squeezed from less blood. Since, in spite of increased systemic pressure, 
renal blood flow is often less than normal, it is apparent that there must have occurred 
increased renal resistance. This increased resistance is due to constriction distributed 
between the afferent and efferent arterioles. 

Since such constriction is characteristic of hypertension, it would be reasonable to 


depend on a balance struck between increased resistance and increased pressure. 
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Notwithstanding these findings, Page is still doubtful whether the 
therapeutic use of kidney extracts will prove an efficient way of curing or 
benefiting arterial hypertension in human subjects. But that there is 
some room for activity by the renal surgeon, we have already had prac- 
tical demonstration. The medical side of the problem is still in the 
experimental stage, and positive proof is lacking. 

Current Theories of Mechanism of “Essential’' Hypertension. The 
views of Page have been questioned by a number of investigators. At 
present, there are two main theories of the mechanism of “essential” 
hypertension: (1) that of Page and his followers, and (2) that of the 
European school, represented by Holtz. 

To sum up Page's views: When the pulse-pressure of the kidneys is 
reduced, they release renin, which acts upon a so-called “pseudo-globulin” 
in the blood to form “angiotonin” — the pressor substance. Hyperten- 
sion is the result of angiotonin’s action upon the arterioles; or, possibly, 
the action of some secondary product of angiotonin — this is not yet clear. 

Some investigators, while agreeing with Page in the main, think that 
renin is an enzyme which acts upon its globulin substrate to form a pres- 
sor substance which Munoz and his coworkers have called “hyper tensin’’ 
— merely another name for angiotonin. This substance may then be 
destroyed in the blood by another enzyme, which they have dubbed 
“hyper tensinase'.” 

The European view is that, as the kidney contains decarboxylase and 
amine oxidase (which acts only in the presence of oxygen), when the 
oxygen supply is lessened or cut off, there is a partial interruption of the 
amino-acid metabolism. This metabolic disturbance brings about the 
production of amines, many of which are pressor substances. 

Both views rest upon the fundamental concept that arterial hyperten- 
sion is a state characterized by an increase of peripheral resistance, this 
being due to the presence of certain pressor substances in the circulating 
blood. If the kidneys are ischemic, they will release these pressor sub- 
stances, and thus establish a vicious circle: The pressor substances bring 
about changes in the arterioles. Renal arteriosclerosis tends to maintain 
ischemia, which gives rise to arterial hypertension, which again gives 
rise to arteriosclerosis, and so on. 

The reason for the wide variations of the conditions we are wont to 
group together as “essential hypertension” has been thus set forth by 
Schroeder, of the Rockefeller Foundation: Arterial hypertension 
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usually depends upon tw o factors (rarely one) which cause a third, a similar one, to 
come into being. Obviously, the rate of progress of the condition resul ting from these 
factors is determined by the relative parts which each play. If the functional element 
acts alone, the course of the disease is prolonged (benign), depending for the most 
part upon the degree and frequency of action of the renal vaso-constrictor nerves, 
and those factors which influence them. Patients exhibiting symptoms predomi- 
nantly of nervous origin vary, therefore, in their course from long-standing “mild” 
hypertension, to a Severe disease characterized by a labile blood pressure easily in- 
fluenced by rest and sedatives. Rarely does the course become “malignant.” 

If the structural element is progressive and the functional one continues to exert 
its influence, the course of the disease is more rapid, and death results from renal 
insufficiency. On the other hand, if the structural element is stationary or only 
slowly progressive (as in arteriosclerosis), the course depends upon the influence of 
the functional element. If both the functional and the structural elements act with 

increasingly greater influence, a “malignant" course results Other cardiovascular 

conditions also affect the outcome. 

Treatment. From the considerations just cited, it would appear that 
attempts to treat renal hypertension, or any other manifestation of this 
underlying basic condition, must be regulated to meet the special set of 
circumstances appearing in each individual case. Three general classi- 
fications, however, can be made: 

1. The functional or spasmodic factor can be altered if the existing 
conditions which are causing constriction of the blood vessels supplying 
the kidney can be eliminated. This might be done by 

(a) Sedative medication to lessen the effects of these stimuli. 

(b) Training of the patient so that he will ignore the stimuli and cease 

to react to them. 

(c) Surgical intervention upon the sympathetic nerves which control 

certain functions of the kidney. 

2. Surgery may be employed to alter the structural (organic) factor by 

(a) Removal of an ischemic or otherwise diseased kidney. 

(b) Surgical correction of degeneration of the renal vascularsystcm. 

(c) Operations to increase the renal blood supply, foe example, decap- 

sulation of the kidney. 

3. Neutralization or destruction of the pressor extracts responsible for 
hypertension might be brought about by the administration of some of 
the extracts recently offered by investigators, the value of which is still 
problematical. 

Medical treatment has not to date proved satisfactory, although it is 
still the main line of defense. The idea of neutralization of one element 
of the blood by the introduction of an extract of another— antagonistic— 
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type, while founded upon a weii-recogniEed premise, is yet in the experi- 
mental stage, and cannot find general usefulness for some time to come. 
This leaves only surgery as a proved means of lessening, or, in particu- 
larly favorable cases, abolishing, arterial hypertension (see Surgical Treat- 
ment of Arterial Hypertension, p. 1710). 

Urological Conditions Associated with Hypertension. It has long been 
known to urologists that a number of clinical conditions of the urinary 
tract are associated with hypertension, and that relief of the condition is 
commonly followed by lower blood pressure. Impairment of renal ex- 
cretion may or may not accompany the hypertension, but there appears 
to be no particular relation between the two. 

Fishberg summaries the renal conditions that may lead to hyperten- 
sion as follow’s: (1) polycystic disease — only when it has reached the stage 
of extensive destruction of the renal parenchyma, (2) chronic pyelonephri- 
tis (not during the acute stage) , (3) tumors of the kidney; (4) gross occlu- 
sion of the renal artery; (5) renal hypoplasia, (6) periarteritis nodosa 
only when the arterioles are implicated; (7) glomerulonephritis; (8) 
nephrosclerosis, (9) rarely in late amyloidosis, and after several days of 
anuria in mercury poisoning. 

Chronic pyelonephritis, causing extensive atrophy of the renal paren- 
chyma and sclerosis of the blood vessels, is probably the most common 
urological condition responsible for hypertension. In unilateral pyelone- 
phritis, the vascular lesions, which are similar to the severe obliterative 
lesions found in malignant nephrosclerosis, may be confined to the affected 
side, and with such unilateral involvement hypertension may or may not 
be observed. In contrast to the vascular lesions of primary malignant 
hypertension, which are generalized, those of chronic hypertension due 
to pyelonephritis are mainly limited to the kidney. Although organic 
diseases of the cerebral and coronary vessels are observed in many of 
these cases, they occur less frequently than in hypertension of other origin. 
The exact relationship of chronic pyelonephritis to hypertension is not 
dear. It is w’ell known that one patient with pyelonephritis may have 
hypertension long before there is any appreciable diminution in renal 
function, and another may die of uremia without having developed hyper- 
tension, while a third may develop hypertension only in the uremic stage. 
Renal vascular oedusive changes, rather than the gradual destruction of 
the renal parenchyma, have been generally considered to be the causative 
factor in the production of hypertension. Of primary importance to the 
urologist is the fact that pydonepbritis can be diagnosed and treated in 
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Its initial stage, thus avoiding its disastrous sequelae. Also, removal of 
a badly damaged and atrophic kidney, when its mate is normal and func- 
tionally efficient, often results in disappearance of the hypertension. 

Urinary obstruction is often associated with hypertension, and relief 
of the obstruction is commonly followed by lower blood pressure. Ob- 
structions associated with hypertension are most frequently due to 
prostatic hypertrophy, congenital valves of the posterior urethra, and the 
fairly common vesical neck obstructions in children. Whether the hyper- 
tension is due to the effect of the obstruction on the kidneys, or, as is gen- 
erally believed, is secondary to an associated chronic pyelonephritis, is 
not clear. Various combinations of urolithiasis, obstruction, and atrophic 
types of infection may also be responsible. Removal of the obstructing 
stone and drainage should produce favorable results if the hypertension 
is recent and there is no evidence of arterial changes elsewhere in the body. 
Schroeder and Steele studied “essential” hypertension in 71 young 
patients who showed no functional impairment of the kidneys. Intra- 
venous pyelograms revealed unsuspected abnormalities in 50 of the 71 
patients, about one-half of them some form of urinary obstruction. 

Renal tumors, which interfere with the blood supply of the kidney suffi- 
ciently to produce a renal ischemia, may cause hypertension. It is well 
known that many children with Wilms' tumors, which usually involve the 
kidney by pressure atrophy, show definite hypertension. 

Unilateral or bilateral partial occlusion of the main renal artery, resulting 
in ischemia of the renal substance, may cause hypertension. Such occlu- 
sion may be due to thrombi, tumor invasion, or pressure from without by 
tumors, anomalous vessels, ectopic kidneys, etc. If the cause of the 
blockage cannot be removed, and if the condition is unilateral and the 
other kidney sound, nephrectomy is indicated, and has been followed by 
relief of the hypertension. 

At present, it seems probable that while, in the majority of the cases 
now grouped under the term “essential hypertension,” the condition de- 
pends on atheromatous narrowing of the large renal arteries at or near the 
aorta, in a certain number of cases (variously estimated at 15 to 20 per 
cent) the rise in blood pressure is due to unsuspected disorders of the 
kidneys or urinary passages. 

Disturbances of Renal Function Following “Crush" Injuries 

Disturbance of renal function as an indirect result of severe trauma, 
usually to the limbs, when the kidney itself has suffered no visible injury* 
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was widely observed during the air raids suffered by the British people 
earlier in the present conflict. Though designated as a “new syndrome,” 
the fact that injury to other parts of the body may impair or wholly abol- 
ish renal function has been known for a long time; but the new form of 
warfare against the civilian population has brought it sharply to the atten- 
tion of medical investigators. 

In a discussion before the Royal Society of Medicine, in December, 
1941, E. G. L. Bywaters offered the following classification of the syn- 
drome: 


Impairment oj Renal Function After Trauma to Distal Parts 

1. Functional azotemia due to decreased glomerular filtration or increase in forma- 
tion of waste products. 

Examples: Oligemic shock, including hemorrhage. 

Dehydration or electrolytic loss. 

Pericardial tamponade and vascular stasis. 

2. Organic ckanges. 

Examples: Crushing injury, bums, some types of obstetric shock, trau- 
matic liver necrosis, intravascular hemolysis, tubular or ureteral blockage 
due to sulfapyridine. 

It is thus evident that the cause of such renal impairment may be various, 
even though its manifestations are identical. 

Bywaters comments: 

It was not until after the first case had been published that we discovered that this 
"new” syndrome, occurring in patients pinned for hours under the debris of bombed 
houses, was not new at all. It was recognized in Germany during the 1914-1918 war, 
mentioned in official books on military surgery, and worked up pathologically; indeed, 
it had only been missed by a week in 1909 following the Messina earthquake; there, 
the German relief hospital arrived on the fourteenth day and observed only the muscle 
and skin gangrene in recovering cases. . -it does occur in civil practice following min- 
ing accidents . . and also . . following traumatic injury to main vessels. 

Clinical Picture. Most of the cases have occurred in patients who have 
been buried in debris, with limbs pinned down by heavy beams or fallen 
masonry, for a considerable period — often 12 to 18 hours. One case has 
been recorded, however, where rescue took place only 45 minutes after 
the accident. On admission to the hospital, most persons are in a state 
of shock, depending upon the amount of blood lost and the extent and 
duration of the injuries sustained. As a rule, they revive promptly in 
response to transfusion of blood or serum, and may appear in fairly good 
condition — if visible trauma is not severe — for hours or even days. But 
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the volume of urine passed will steadily decrease, and the blood-pressure 
reading will steadily rise; while blood examination will reveal retention 
of phosphate and potassium, as well as urea, with a decreasing alkali re- 
serve. The usual indications of uremia soon set in, and death occurs some 
7 or 8 days after the original accident, the behavior of the heart being 
similar to that seen in potassium poisoning. 

Pathology. In those patients who died with uremic symptoms after 
the lapse of a week— that is, who did not succumb as the direct result of 
the trauma to the limbs or trunk — the kidneys, at autopsy, were markedly 
swollen and moist, but otherwise not abnormal to the unaided eye. But 
under the microscope severe damage to the distal convoluted tubules was 
evident, with the massing of pigment casts in the collecting tubules. The 
microscopic picture has been thus described by J. Shaw Dunn: 

The lesion should be described as an acute tubular nephritis, while its accompany- 
ing functional disturbances of anuria or oliguria, marked loss of concentrating power, 
and retention of urea could readily be paralleled in mercurial nephritis of man and in 

experimental tubular nephritis of animals The lesion... was restricted to the 

lower segments of the nephrons: vis., the ascending limbs of HcnJe's loop and second 
convoluted tubules, whereas almost all the substances which in natural diseases or 
experimentally caused tubular nephritis, affected the upper segment of the first con- 
voluted tubule. Selective damage of the lower nephron segments appear to have 
been little known in human disease, and few substances employed experimentally 
ha\e had this effect. It might be significant, however, that two substances which 
have occurred naturally in human metabolism, namely, uric acid and phosphoric acid, 
have been shown capable of this effect. It has been suggested that the special locali- 
zation of effects of these agents is due to acidification of the renal filtrate in the tubular 
segments concerned, and it seemed probable that the localization of the lesion in the 
kidneys of crush syndrome was also contributed to by acidification of the filtrate in 
addition to the usual factor of concentration. The presence of the brown casts of 
myoherooglobin in the tubules was at any rate confirmatory of the view that the renal 
change was caused by a positive factor derived from muscle, and carried to the kidneys 
in the blood stream, rather than from loss of something from the blood into the tissues. 

Treatment The mortality rate being very high, it has been difficult 
to evaluate treatment, or even to judge whether or not efforts directed 
toward the relief of the original injury have benefited or aggravated the 
renal condition. There is a suspicion that the patients who recovered 
did so in spite of, rather than because of, the remedial measures employed. 
Surgeons can come to no agreement as to the wisdom or necessity of am- 
putating the injured limbs before the effect of the biochemical changes in 
the blood can be manifested in the kidneys. The British Medical Jour- 
nal comments editorially: 
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On the therapeutic side there are as yet few clear guiding lines as to what should be 
done. In at least one instance fairly early amputation of the affected limb failed to 
save life, while in others recovery occurred without amputation. It therefore cannot 
be said that crushing is in itself an indication for removal of the limb. There is a case 
for the trial of suprarenal cortical hormone with careful biochemical control, although 
it should be noted that the suprarenals showed little change at necropsy. . . . Minor 
crushes are of great importance and necropsies should be performed on those patients 
who die soon after release. 

Only by careful study can a basis of rational and effective treatment 
be reached. 

Renal Rickets 

Renal rickets is a form of stunted bodily development in association 
with, and probably resulting from, renal deficiency. The patients are 
children and adolescents of either sex. There is progressive renal de- 
ficiency, as evidenced by gradually diminishing phenolsulphonphthalein 
output and rise of nitrogenous substances in the blood, with, usually, a 
blood chemistry picture of lowered calcium and increased phosphorus; 
these are seen in conjunction with rachitic bone changes, dwarfism, and, 
if the patient lives to puberty, infantilism 

Historical. The first dear description of this condition was that 
published by Lucas in 1883, although clinical reports on single cases had 
previously been made by Stenier and Neureutter (1870) and Goodhart 
(1872). Lucas called the disease “a form of late rickets associated with 
albuminuria.” Barber, in 1911, defined it as “a condition of stunted 
development, associated with bone deformities of the ‘late rickets’ type, 
due to an insidious chronic interstitial nephritis of obscure etiology.” 
Ellis and Evans found 80 cases on record up to 1933; while Howard, in 
1938, stated that the number of reported cases was “still . . . under 100.” 

Etiology: Pathology. The cause of renal rickets is undetermined. 
Etiological theories that have been postulated are: 

(1) Chemical deficiency due to renal insufficiency resulting from some 
form of chronic nephritis or congenital polycystic disease. 

(2) Chemical deficiency due to renal insufficiency resulting from 
obstructive uropathy. 

(3) Hyperparathyroidism, either primary or secondary to renal 
deficiency. 

Earlier writers stress the apparent importance of the ordinary' forms 
of chronic nephritis in the production of renal rickets. Most later 
writers, on the other hand, emphasize the frequency with which obstruc- 
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tive uropathy is found in conjunction with the rachitic changes, and are 
inclined to believe that the renal impairment is due to hydronephrosis, 
which, in turn, is caused by some congenital or acquired obstruction in 
the urinary tract. Of the 20 patients reported upon by Ellis and Evans, 
14 had dilated ureters, leading these authors to conclude that the under- 
lying lesion is a functional failure of the vesico-urethral sphincter, "either 
the occurrence of spasm or, as is more probable from what is found else- 
where, a failure of relaxation.” Price and Davis (1937) state: 

It is . , . improbable that any of the ordinary forms of diffuse or focal chronic 
nephritis are constantly concerned [in the etiology of renal rickets], for in the great 
majority of these cases there is neither an antecedent history of acute nephritis, nor 
any clinical or postmortem evidence of hypertension or cardiac hypertrophy. The 
histological picture presented by the kidneys provides still further evidence that the 
process is an unusual one. Advanced glomerular destruction and gross tubular 
dilatation supply the usual evidences of renal failure, but the occasional indications . 
of antecedent acute or subacute toxic nephritis, as provided by thickened and adher- 
ent tufts or crescents in Bowman’s capsules, are completely absent, as are also any 
evidences of a causative hypertensive arteriosclerosis. The only findings indicative 
of the possible cause of the renal destruction are suggestive of a true chronic inter- 
stitial inflammation, such as is provided by chronic pyelonephritis. 

The relation between the rachitic changes and renal deficiency is 
obscure It has been suggested that in renal insufficiency phosphate 
retention results in low serum calcium, and in an attempt to overcome 
this altered calcium-phosphorus equilibrium, the parathyroid glands 
become hypertrophied. Overactivity of the parathyroid glands brings 
about the bone changes, the state of the bones seen in renal rickets being 
identical with that characterizing primary hypertrophy of the para- 
thyroids or following the experimental administration of parathyroid 
extract in animals. The hyperparathyroidism is rather a direct result 
of the renal insufficiency, for though the bone changes resemble those of 
rickets, the essential finding is osteoporosis, such as is seen in hyper- 
parathyroidism (Lyttle). 

No etiological theory as yet put forth fits all the conditions in the 
complicated syndrome designated as "renal rickets.” We are inclined 
to agree with the conclusion arrived at by Price and Davis, namely, that 
renal rickets is really a syndrome common to two separate and distinct 
diseases, one of these being the late sequelae of hyperparathyroidism, 
and the other a definite renal deficiency, either of which may arise from 
any one of a number of etiological factors. 

Symptoms and Diagnosis. Most of the children are thought to be 
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normal at birth, but by the time they reach the age of 2 years, marked 
evidences of retarded bodily growth are usually to be noted. In the 
type of rickets traceable to avitaminosis, marked skeletal deformity is 
not usually apparent as early as this. Inability to metabolize properly 
certain minerals— phosphate retention and calcium loss — can be demon- 
strated biochemically; but often the malfunctioning of the kidneys will 
not be discovered until the child has been under medical supervision 
for some time. This emphasizes the importance of making urological 
examination a part of the investigation of children's ailments, irrespective 
of whether or not the clinical evidence points to the urinary tract. Blood 
chemistry is likewise very important. It is on the blood and urinary 
findings that diagnosis and differentiation from the more common type 
of rachitic process must largely rest. Normal children have a phos- 
phorus reading between 3.5 and 5 mgm., and a calcium reading 
between 9 and 11 mgm. In the more common form of rickets the 
blood calcium increases while the blood phosphorus decreases. In renal 
rickets we find the exact opposite: the blood calcium decreases and the 
blood phosphorus increases. 

Treatment. Little can be said regarding treatment. Most of 
these unfortunates are beyond aid when medical help is sought. It 
appears probable, however, that were the obstructive uropathy dealt 
with early in life, the bone changes might be prevented or greatly alle- 
viated. Though most parents state that nothing abnormal was noted 
during infancy and early childhood, it is likely that a careful investiga- 
tion of urinary function would have shown renal deficiency long before 
the appearance of such manifestations as genu valvum or varum. How- 
ard (1938) removed an obstruction at the bladder neck of a 10-year-old 
boy with a slight left genu valvum. There was regurgitation up the left 
ureter, and the kidneys were shown by x-ray to be much below normal 
size. At the time of writing, 6 years later, the boy was well and able 
to carry on a normal existence. This author feels confident that had 
he not removed the vesical-neck obstruction, the boy w r ould not have 
been alive. 

Dietetic measures have been tried without any noticeable success. 
Endocrine therapy would seem to offer promise of aid in those cases 
thought to have a parathyroid involvement. However, the necessity 
for first putting the urinary tract in as nearly normal a condition as 
possible would still remain paramount. 
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Non-Specific Infections of the Kidney and Renal Pelvis 
The frequency and morbidity of renal infections demand that the 
problems involved in their prevention, diagnosis, and treatment be 
understood by all practitioners of medicine. While almost every type 
of pathogenic organism has been known to invade the kidney, the list of 
common invaders is a fairly brief one . The organisms which most fre- 
quently cause renal infections are the colon bacillus, tubercle bacillus, 
staphylococci, and streptococci. Clinically, the various organisms and 
the infections they cause are most conveniently classified as (1) specific 
and (2) non-specific, or pyogenic The specific organisms include the 
tubercle bacillus, gonococcus, Spirochaela pallida, Bacillus typhosus. 
Schistosoma haematobium , echinococcus, and Actinomyces bovis. The 
pyogenic organisms are of two groups: (1) bacilli and (2) cocci. Bac- 
illary infections predominate 

Routes of Bacterial Invasion. Organisms can gain entrance to the 
kidney (1) from a distance, by way of the blood stream (hematogenous 
infection), (2) by ascension through the lumen of the ureter (urogenous 
infection), (3) by way of the lymph channels (lymphogenous infection), 
(4) from an external source, as (a) through a fistula, or (b) on an infected 
foreign body which has penetrated the kidney. Exact determination, 
clinicallj', of the route of invasion is seldom possible, and often neither 
surgical exploration nor autopsy will definitely show how the infection 
started. 

Hematogenous Injection Host renal infections undoubtedly develop 
as the result of direct implantation of bacteria brought to the kidney by 
the blood from some distant focus -The organisms most commonly 
responsible are the colon bacillus and the Staphylococcus aureus. 

Experimentation has shown that the kidney is not normally a filter 
of bacteria. Injury to some part of the renal unit permits the passage of 
the organisms, although such injur}' may not be discoverable clinically. 
Renal infections occur because the invading organisms are either very 
numerous or very virulent, and the resistance of the kidney has been 
lowered by trauma, disease, or obstruction. The capillary blood vessels 
of the glomeruli may be obstructed by the bacteria in the blood stream, 
resulting in local suppuration; or the germs may permeate the tubules 
and reach the medullary substance, where they set up abscesses; or the 
infection may begin in the renal pelvis, thence spreading upward into the 
kidney substance These cortical and medullary abscesses are usually 
scattered and circumscribed at first, but may coalesce to form a large 
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abscess of the kidney. This may rupture directly into the renal pelvis, 
or the pus may reach the pelvis indirectly by gradually percolating 
through the renal tubules, or the abscess may rupture into the peri- 
nephritic fat. 

The lacteriemia of hematogenous renal infection may have a general 
or a focal source. The general sources are specific, infections and in- 
fectious fevers. The focal sources are infections of the skin (boils, 
carbuncles, etc.), infected teeth, tonsils, or sinuses, pus tubes in both 
the male and the female, and infections of the prostate, gall-bladder, and 
intestines. Coccal skin suppurations and intestinal conditions (colitis, 
appendicitis, diarrhea, constipation) are the most frequent focal sources 
of pyogenic bacteriemias responsible for renal infections. The blood- 
stream invasions are more commonly due to the colon bacillus than to 
any other organism The coccal infections are usually much the more 
serious. Colon bacillemias are often transitory, subsiding spontaneously. 
If, however, the organisms are unusually virulent or numerous, and there 
is lowered resistance of the kidney, a bacillary pyelonephritis may result 

Urogenous Injection. In urogenous infections, the lower part of the 
urinary tract is usually already infected Although most authors agree 
that it is certainly possible for bacteria to ascend from the bladder to 
the kidney through the lumen of the ureter, the relative frequency of 
ascending infection, and the mechanism of ascent, are still subjects of 
considerable UToIogical dispute. It is highly improbable that a perfectly 
competent ureterovesical sphincter and a normally' resistant ureter would 
permit the upward passage of infectious organisms. Experimental and 
clinical observations point strongly to the probability that when or- 
ganisms gain the renal pelvis through the ureter they do so by a vesico- 
ureteral reflux, Such refluxes up the ureter are, however, a rarity, and 
only occur in definite pathological conditions. Any long-standing 
obstruction at or below the ureterovesical orifice may be responsible for 
a vesico-ureteral reflux, or it may be due to neuromuscular disturbances. 

That bacteria can be carried from the bladder to the renal pelvis by 
waves of ureteral antiperistalsis is possible, though apparently rare. 

From the renal pelvis, bacteria may ascend to the parenchyma of the 
kidney through the lymphatics or the blood stream, or, when back pres- 
sure is present, by pyelo venous, pyelotubular, or pyelointerstitial back- 
flow. The organisms may travel as far as the subcapsular region or into 
the cortical substance, where they create small interstitial abscesses. 
These may’’ break into the tubules, whence the organisms reach the 
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medullary substance, where they set up abscesses — presenting the same 
picture as in hematogenous (descending) infection. Since the pelvis is 
always affected in such cases, this type of inflammation is called pye- 
lonephritis. 

Lymphogenous Invasion. A second channel of ascent, which was long 
regarded by many, as responsible for pyelonephritis, are the lymphatics. 
The transportation of organisms from the bladder to the kidneys by the 
lymphatic vessels in the periureteral sheath has been considered as 
established on experimental grounds by Sweet and Stewart (1914), Car- 
son (1925, 1931), and others. There has been a tendency to believe that 
from the lymphatics of the ureter the organisms pass to the lymphatic 
vessels of the renal pelvis and thence, by continuity, to the network of 
intrarenal lymphatics and even to the perinephritic tissues, through the 
communication of lymphatics of the cortex with those of the fatty capsule 
of the kidney. 

In view of the anatomical arrangement of the lymphatics in the ureteral 
wall, however, it seems highly improbable that direct extension from the 
bladder or other pelvic viscera to the kidney can take place through these 
structures. The lymphatic distribution of the ureter is distinctly' seg- 
mental and not continuous. 

The lymphatic relationship of the kidneys to the pelvic organs, espe- 
cially the bladder, was carefully studied by D. \V. MacKenzie and his 
co-workers a few years ago. In their experiments they used dye (india 
ink) to simulate bacteria. The result in every experiment was a lym- 
phatic absorption of dye, no matter where the injection was made. In 
each case the dye ascended via the lymphatics running up along the 
aorta, never passing up the wall of the ureter nor along the periureteral 
lymphatics. Dye injected into the trigone, around the ureteral orifices, 
or about the vesical neck, passed to the lymph nodes at the bifurcation 
of the aorta through the lymph channels. Dye injected into the lower 
third of the ureter passed toward the lumbar nodes, to the main chain 
of lymphatics. Tying off the lower end of one ureter leading to a hy- 
dronephrotic kidney, with simultaneous injection of dye into the bladder 
wall around the orifice of the other ureter, resulted in the absorption of 
dye into the aortic chain as before, suggesting its passage thence into the 
venous circulation of the heart, and from there to the kidneys. 

The experiments of these investigators prove that no continuous 
lymphatic chain follows the ureter from the bladder to the kidney, and 
suggest that the only method by which the lymphatic system can trans- 
mit infection from the bladder to the kidney is by way of the lymph nodes 
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along the aorta, from which the blood stream takes up the infection and 
transports it to the kidney. 

Invasion from an External Source. Occasionally a kidney may be 
infected through a renal fistula, or by an infected foreign body which has 
penetrated the kidney. Infection may be carried into the renal pelvis 
on a catheter or other ureteral instrument. 

Factors Predisposing to Bacterial Invasion. Trauma and obstruction 
are the chief factors predisposing to renal infection— particularly the 
latter. Obstruction may be due to (1) congenital abnormality, (2) 
mechanical causes, or (3) adynamic conditions. 

(1) Staphylococcic Focal Infections of the Renal Cortex ( Staphylococcic 
Suppurative Nephritis: Cortical Abscess: Carbuncle ) 

Infections of the renal cortex are of two types: (1) staphylococcic 
focal infections, and (2) infections due to organisms other than the 
staphylococcus The staphylococcic focal infections are primary to the 
cortex, and, as a rule, are limited to the cortical and medullary substances, 
though they may invade the pelvis. The most common type of infection 
in the second group is an ascending bacillary infection, the cortical in- 
volvement being secondary to a pyelitis and the final stage in the dis- 
semination of the infection. Although bacillary infections frequently 
cause multiple cortical abscesses similar to those of focal staphylococcic 
infection, such abscesses less often lead to suppuration in the perineph- 
rium, and pus and organisms are regularly present in the urine. The 
infection spreads from the renal pelvis to the cortex through the blood 
stream, lymphatics, or by backflow. This second group of infections 
will be discussed under Pyelitis, Pyelonephritis, Pyonephrosis (p. 1461). 

Etiology and Bacteriology. Pyogenic coccic infections of the renal 
cortex are mainly hematogenous. The renal infection is usually second- 
ary to peripheral suppurative foci (boils, carbuncles, abscesses, felons, 
infected wounds) or acute infections of the upper respiratory tract. 
Hugh Cabot has emphasized the etiological importance of the latter as 
original foci. 

The infection of the blood stream occurs either as a mild bacteriemia 
or as a severe septicemia with marked constitutional symptoms. Mul- 
tiple abscesses may develop in various parts of the body— in children most 
often in the bones, whereas in adults they frequently occur in the kidney. 
Coccic infections may also follow injury to the kidney, but in such cases 
a bacteriemia in all probability precedes the trauma, which merely in- 
creases the kidney’s vulnerability to invasion by the organisms in the 
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blood stream. Joyce is of the opinion that a lesion of the kidney cortex 
may be the sole manifestation of a systemic invasion by staphylococci, 
or that the renal lesion may be one of several in various tissues of the 
body. He himself reported an abscess of the right kidney which was 
associated with a similar suppurative process in the left frontal lobe of 
the brain. This writer is inclined to regard all cortical abscesses as a 
single group, secondary to an external focus, and differing only in their 
number, size, and degree of coalescence, as well as in the length of time 
they have been in existence and the manner in which they chance to be 
distributed. If it is proper to speak of kidney “carbuncles,” he asserts, 
we may with equal propriety designate the lesser lesions of the same 
nature as “kidney boils” or “kidney pimples.” 

Although the Staphylococcus aureus is the chief causative agent, 
occasionally Staphylococcus albus and Streptococcus pyogenes and 
hemolyticus have been identified. Mixed infections occur. Just why 
the staphylococcus should be able to get a better foothold in the renal 
cortex than any other pyogenic organism is unknown. It has been 
suggested, however, that its power to break down urea and to use its 
split products for its maintenance and growth may explain this selective 
affinity 

From the primary focus in the skin, respiratory tract, or other part of 
the body the organisms are carried to the renal cortex by the blood 
stream. Considerable difference of opinion exists as to just what altera- 
tions in structure or function the kidney must undergo in order to be 
rendered susceptible to this particular form of infection. Bilateral 
infection is rare, and, the organisms being blood borne, it would seem 
that some accessory’ factor — for example, trauma — must act to influence 
the selection of one side over the other. One theory is that numbers of 
small emboli, or fragments broken off larger emboli, all loaded with 
organisms, are conveyed by the blood stream to the renal area. If there 
is obstruction to the free excretory function of any portion of the kidney, 
suitable conditions are then provided for the retention and propagation 
of the organisms, which set up multiple small foci of suppuration by 
progressing along the lymphatic channels that accompany the renal 
blood vessels. Another theory is that infected embolic fragments may 
be enmeshed in the branches of small arteries, where the bacteria multiply 
freely until, broken into minute fragments by the force of the blood 
current, many tiny bacterial emboli are carried into some particular area 
of the kidney tissue. Here, if conditions arc favorable, they set up 
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numerous foci of infection, which may coalesce to form a large cortical 
abscess or carbuncle. . 

There is also lack of definite knowledge as to how the bacterial emboli 
reach the kidney. It has been suggested that they either traverse an 
open foramen ov*ale and thus reach the left side of the heart, or they 
traverse the pulmonary circuit. 



Fig. 312. Carbuncle of the Udney. Gross specimen, (a) Sectional view showing car- 
buncle in the upper pole (b) Appearance of carbuncle from outside of upper pole, (cl 
Carbuncle viewed from aboie. (Mathtf.) 

Pathology. Pus-producing cocci, in general, are productive of multiple 
minute abscesses in the cortical substance. These tend to coalesce, with 
the production of a massive abscess or carbuncle, and usually show early 
and marked perinephritis, often developing into a perinephritic abscess. 
In extreme cases there may be multiple abscesses of large and small size 
which honeycomb the entire kidney. 

If, on its arrival within the renal vascular system, a bacterial embolus 
lodges in one of the glomerular vessels or in a terminal branch of a sub- 
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capsular artery, a single abscess, or several small abscesses, are likely to 
develop in this area. If the embolus lodges at the bifurcation of an 
artery below the cortex, definite infarction will develop; this results in 
multiple closely associated small abscesses, presenting the typical picture 
of a carbuncle, as originally described by Israel in 1905. 

The renal carbuncle, therefore, is made up of multiple small foci of 
suppuration, and is sharply demarcated from the healthy kidney tissue 
by a zone of inflammation. Strands of connective tissue may separate 
some of the foci, but even when such formations are to be seen near the 
periphery', the center of the carbuncle will be found to be soft and 
necrotic, this “core” being actually the coalescence of numerous small pus 
collections so merged as to be impossible of individual recognition. It is 
possible that many of the conditions seen at operation, and diagnosed 
as cortical abscess, septic infarct, etc., are the end-stages of carbuncles 
whose multiple small suppurative foci have fused into single large areas 
of suppuration. Fewer than 100 cases of renal carbuncle have been 
recorded (72 up to 1935, Graves and Parkins; 88 up to 1933, Leo Brady). 
In our own series of several thousand kidney cases there have been only 
2 cases of renal carbuncle. 

Both types of infection— the multiple abscesses and the single large 
abscess or carbuncle— are progressive and usually lead to involvement 
of the perinephric fat. Occasionally a cortical abscess may rupture into 
a calyx or the renal pelvis and drain off satisfactorily, with the disappear- 
ance of symptoms. In the less fortunate cases, the abscess ruptures into 
the perinephrium, causing a perincphritic abscess. Such abscesses are 
a frequent sequence of both coccal infections and the cortical abscesses 
of ascending bacillary infection. Beer emphasized the confusion that 
has been caused in the interpretation of this pathological process and the 
origin of perinephritic abscess by virtue of the fact that at operation, in 
advanced cases of perinephric suppuration, one may not recognize any 
evidence of renal involvement. The cortical abscess, having ruptured 
and drained into the perinephric space, heals quickly, and the cavity in 
the cortex fills in with granulation tissue, so that the original abscess 
cavity is not recognizable to the palpating finger. 

Of clinical importance are the following four t)pcs (or stages) of 
staphylococcic infection of the renal cortex: (1) diffuse staphylococcic 
nephritis, without abscess-formation, varying from a mild form that 
usually subsides without treatment to a fulminating type in which there 
is diffuse inflammation of the entire kidney, which is swollen, soft, and 
discolored; (2) multiple staphylococcic cortical abscesses, which may be 
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small and scattered, or grouped and of varying sizes, and which are 
commonly associated with perinephritic inflammation and abscess; (3) 
the large, solitary cortical abscess; (4) renal carbuncle, which is formed 
by coalescence of multiple small abscesses. 

Symptoms. The clinical picture in coccal infections of the renal cortex 
may differ widely, depending upon the virulence of the organism, the 
patient’s ability to combat the invader, and the progress of the disease. 
The infection may vary from an acute fulminating process to that of a 
subacute or chronic septic condition which may be very difficult to 
diagnose. There may be a considerable period of latency before the 
development of cortical abscesses, carbuncle, or perinephritic abscess 
produces symptoms referable to the kidney region. 

In acute coccal suppurations, the symptoms will be those of an acute 
infection: high fever, leukocytosis, prostration, and septic chills. Uri- 
nary symptoms are usually' absent. Acute infections have frequently 
been mistaken, at their inception, for a general infection such as influenza 
or typhoid fever, or for acute Pott’s disease, respiratory disease, or, if 
the abscess is on the anterior surface, an intra-abdominal inflammation 
(appendicitis, cholecystitis, etc.). Symptoms referable to the kidney 
region may occur only with extension to the perirenal tissues. In most 
cases, however, acute lumbar pain at the onset directs attention to the 
kidney. There is regularly costomuscular tenderness. 

Occasionally, the acute onset may rapidly progress to a toxemia which 
may result in death. More often the infection, if untreated, becomes 
chronic and recurrent, with acute exacerbations. In chronic and sub- 
acute infections, the clinical picture is less stormy, and months often 
elapse before the correct diagnosis is made. There will be intermittent 
fever, malaise, chilliness, gradual loss of weight, and progressive anemia. 

There is always some lumbar pain, but this may be much less than the 
severity of the condition would seem likely to produce. Palpation over 
the affected kidney regularly reveals tenderness and occasionally enlarge- 
ment of the kidney. Renal carbuncle usually gives more resistance and 
fixation on palpation than is the case when small multiple abscesses are 
present. 

The severity of the symptoms in the chronic or prolonged acute cases 
varies with the progress of the disease Symptoms may be marked while 
the suppurative focus is confined to the cortex, due to tension caused by 
the fibrous capsule, but may temporarily subside as the abscess ruptures 
into the perinephric fat. With the formation of a perinephritic abscess, 
the symptoms againlncrease, but temporarily abate as the abscess breaks 
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through Gerota’s capsule into the paranephric space and pus ruptures 
downward toward the pelvis. 

Diagnosis. Many cases of coccic infection of the renal cortex un- 
doubtedly go unrecognized because of their mildness and prompt spon- 
taneous healing. 

Clinical recognition of these lesions, particularly the chronic and sub- 
acute cases, may be very difficult. In many cases the clinical picture is 
rather typical and therefore fairly easily recognized. In other cases, 
the obscure picture may delay recognition of the disease for weeks or 
months. Often, definite diagnosis has been made only at operation or 
at autopsy. This clinical confusion is due partly to the absence of uri- 
nary symptoms, the negative findings of urinalysis, ureteral catheteriza- 
tion, and cystoscopy as compared to the definite findings in the more 
common renal infections, and to the frequent presence of referred signs 
pointing to pleuritic or abdominal involvement. 

While it may be clinically difficult, if not impossible, with the methods 
at present available, to distinguish between carbuncle of the kidney, 
solitary renal abscess, multiple cortical abscesses, suppurative nephritis, 
or even perinephritic abscess, one should be able to locate the process 
within the renal fossa. 

Renal carbuncle and other coccic cortical infections are more common 
in men than in women (about 2 to 1). Cases of renal carbuncle have 
been reported in infants and children, but most of these patients arc 
between the ages of 25 and 45 years. The right kidney seems to be 
affected slightly more often than the left. Bilateral involvement is rare. 

A history of superficial pyogenic infection, or infection of the upper 
respiratory tract in the not too remote past, in conjunction with fever, 
leukocytosis, lumbar pain, clear urine, and physical signssuch as tender- 
ness over the kidney, with muscular defense on palpation and, some- 
times, limitation of mobility, is strong presumptive evidence of cortical 
abscess, or carbuncle. In -VL of the 67 eases of renal carbuncle reviewed 
by Graves and Parkins a history of previous pyogenic infection was 
elicited. 

The value of roentgenography in the diagnosis of these cases is gener- 
ally underestimated. In perinephritic abscess, or in cortical abscess or 
carbuncle with associated edema in the perinephritic fat, the ordinary 
flat x-ray plate will show obliteration of the psoas muscle, with curvature 
of the spine away from the painful kidney. These findings, in association 
with macroscopically clear urine and an unobstructed kidney, arc inclica- 
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live of perinephritic abscess or cortical suppuration with edema of the 
perinephrium. 

Excretory urography and retrograde pyelography have frequently 
been of help in the diagnosis of massive abscess and carbuncle, even before 
there has been perinephric involvement. The pyelogram in a fair per- 
centage of cases will reveal deformities of the calyces, with or without 
changes in the contour of the pelvis. These calyceal deformities are 
similar to those of other compressing processes, such as cysts, neoplasms, 
or polycystic degeneration. 

Cystoscopy and ureteral catheterization are mainly useful in demon- 
strating that the kidney is secreting clear urine and is not blocked. 
This is important, as an infected hydronephrosis may also cause curva- 
ture of the spinal column and obliteration of the shadow' of the psoas 
muscle. 

It is important to differentiate the minor cortical infections caused by 
pus-producing cocci from infections due to bacilli, such as B. coli, B. 
Pyocyanens, B. proteus, etc. Coccic cortical infections seldom involve 
the renal pelvis and therefore are not likely to be associated with pyuria 
unless the suppurative process ruptures into the tubules. As a rule the 
urine is macroscopically clear. Microscopically, it may show a few’ red 
and white blood cells. In bacillary infections, on the other hand, there 
is regularly pyuria, and microscopically the turbid urine discloses many 
clumped pus cells. The urine in coccal infections may show cocci in 
culture or smear, but frequently no organisms can be demonstrated. In 
the bacillary type of cortical suppuration, the various forms of bacilli 
are readily demonstrated in the sterilely obtained urine. Coccic and 
bacillary infections may coexist, making diagnosis very difficult. 

In a considerable percentage of coccal infections the blood cultures 
may be positive at some times and sterile at others. 

Prognosis. Any suppurative process in the kidney is a serious matter, 
presenting a direct threat to urinary- tract ‘integrity and to life. If diag- 
nosed early, however, most cortical suppurations respond w r ell to con- 
servative treatment. In very extensive infections, nephrectomy is indi- 
cated, and, if there has not been too much delay, the patient’s chances 
of recovery are good. In coccic abscesses of the kidney that are part of 
a general, overwhelming sepsis the prognosis is poor. 

The most urgent consideration in the problem of cortical suppurations 
is more prompt recognition of these often obscure lesions, so that proper 
treatment may be administered earlier. 
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Treatment. Many patients with the milder, diffuse types of-staphy- 
lococcic nephritis recover with no other treatment than rest in bed. 
Rarely, an acute fulminating infection requires immediate nephrectomy 
to save the patient’s life. Between these two extremes is the large group 
of cases of multiple cortical abscesses, massive abscess, and carbuncle, 
frequently associated with perinephritic abscess, which almost invariably 
require surgery. In these cases, prompt surgical treatment offers the 
best — in most cases the only — chance of cure. Though a cortical sup' 
puration may resolve or drain into the renal pelvis, with disappearance 
of the symptoms, this is not the usual course. Theoretically, in the 
milder types of cortical abscess, a short period of expectant treatment- 
rest in bed, with supportive measures and, perhaps, an appropriate 
staphylococcic vaccine — might be justified. Actually, however, the 
urologist and surgeon rarely see these infections until the suppurative 
process has reached a stage where delay is dangerous, and exploration, 
with nephrectomy or incision and drainage, is the only resource. 

If the disease is acute and prostrating, or if the symptoms have been 
evident for some time and the patient is growing worse, and the pre- 
sumptive evidence points to staphylococcic infection of the kidney, 
exploratory operation should be done. 

Nephrectomy is indicated if the suppurative process is diffuse and in- 
volves all or most of the kidney, or if the patient's general condition is 
poor. It is also indicated when multiple carbuncles or many abscesses 
are present. 

If the abscesses are small and limited in number, decapsulation, with 
puncture and drainage of the abscesses, is usually curative. In well- 
localized massive abscess or carbuncle, decapsulation and thorough drain- 
age are often satisfactory (Incision and Drainage of Renal Abscess, 
p. 1686). It is sometimes possible, in well-circumscribed carbuncles, to 
enucleate the suppurative infarct with the finger or a blunt instrument, 
and pack the opening after removal of the infected wedge of renal tissue. 
Conditions favorable for this procedure are found infrequently, however, 
and as a rule incision and drainage, or nephrectomy, is necessary. 

In cases of large perinephritic abscess, simple incision and drainage of 
the abscess should be done (Perinephritic Abscess, p. 1689). Many pa- 
tients will recover, since the renal suppuration has already drained into 
the perinephric space; but if this does not effect a cure, nephrectomy 
may be done later. Nephrectomy in the presence of a perinephritic 
abscess is too dangerous to be undertaken except under most unusual 

circumstances. 
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In the past, removal of the kidney has been the usual procedure in 
carbuncle and other coccic infections of the renal cortex. There is, how- 
ever, a growing tendency to conserve the kidney whenever possible, 
which has led many operators to content themselves with decapsulation 
and incision, trusting to thorough drainage and perhaps the use of bac- 
teriophage or polyvalent serum to effect a cure. In some cases secondary 
nephrectomy is necessary, but as a rule conservative surgery is satis- 
factory, if done early and if the suppuration is not too extensive. Sup- 
portive measures during the drainage period are of great importance, for 
in many of the fatal cases the cause of death was not the local condition 
but the depleted systemic state, which prevented recovery from the 
profound toxemia even when the source of the intoxication had been 
removed. 


(2) Pyelitis: Pyelonephritis: Pyonephrosis 
Under the above heading will be considered all pyogenic forms of 
renal infection which are neither staphylococcic focal infections of the 
cortex nor specific types of nephritis. The pyelonephritis of pregnancy 
is discussed separately. The renal infections of infancy and childhood 
present no special peculiarities, except their much greater incidence in 
female children, and will be considered with those of adults. 

Definitions. The terms “pyelitis/* “pyelonephritis,” “infected hy- 
dronephrosis,” and “pyonephrosis” are used to designate various over- 
lapping stages of renal infection, from a simple involvement of the pelvic 
mucosa to a funclionless pus-filled sac. Almost invariably these kidneys 
show more or less inflammation of both the pelvis and parenchyma, and 
there are frequently small abscess cavities in the renal substance. 

Pyelitis, or inflammation of the pelvis, is se ldom a n isolated condition. 
As a rule the infection either comes from above, in which case there is 
involvement of both the parenchyma and the pelvis, or is primary in 
the pelvis and spreads into the kidney. In either event, the resultant 
condition is a pyelonephritis rather than a pyelitis. The two terms are 
employed interchangeably by many writers— “pyelitis” referring, usu- 
ally, to inflammation originating in the pelvis and chiefly affecting the 
adjacent portion of the parenchyma. Differentiation between pure 
nephritis, pyelitis, and pyelonephritis is very difficult. 

Pyelonephritis is an infection of the pelvis and parenchyma. The 
infection may originate in the parenchyma and spread to the pelvis by 
way of the tubules, or it may arise in the pelvis and thence ascend to the 
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kidney. Pyelonephritis in its various forms is one of the more common 
diseases that the urologist is called upon to treat. 

In infected hydronephrosis there is hydronephrotic atrophy combined 
with infection. In early cases the picture is that of a diffuse pyelone- 
phritis, with dilatation of the pelvis and calyces. Later, secondary 





Fic. 313. Gross section of the kidney of a patient with hemorrhagic pyelitis. (Christeller.) 

pressure atrophy may result in cessation of excretory activity. Still 
later, with shrinkage, a pyonephrosis may form. 

Pyonephrosis is a purulent inflammation of the kidney, with pouching 
and dilatation It is essentially the terminal stage of a chronic process, 
such as an infected hydronephrosis or a chronic pyelonephritis. The 
pus is usually more or less diluted with retained urine. In late stages 
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the kidney is converted into a functionless, pus-filled sac, and there are 
marked perirenal and ureteropelvic changes.*' The kidney is already 
destroyed, but causes symptoms requiring surgery'. 

Etiology. The various ways in which infection may reach the kidney 
have already been considered (Routes of Bacterial Invasion, p. 1450). 
Although for many years it was believed that most renal infections as- 
cended from the bladder through the ureter to the renal pelvis, and thence 
to the kidney, it now seems probable that the great majority of bacillary 
infections, like the coccic infections described above, are hematogenous 
and develop as the result of direct implantation of bacteria by the blood 
stream in some portion of the kidney. It should be emphasized, how- 
ever, that the exact manner in which infection is conveyed to the kidney 
is unknown. The difficulty is that the pathologist never sees the early 
stages of renal infection, at which time it might be possible to make 
observations tending to clear up the uncertainties regarding the etiology 
of pyelonephritis. 

From the clinical standpoint, pyelonephritis may be classified as (1) 
pure focal pyelonephritis without accessory urogenital abnormality, and 
(2) pyelonephritis with obstruction— the common form of renal infec- 
tion. The source in the first group is a focus of infection elsewhere 
(tonsils, teeth, skin, or — very frequently — the intestinal tract), and the 
route is hematogenous. Focal staphylococcic infections, which are con- 
fined chiefly to the cortex and are usually unilateral, have already been 
considered. The infections referred to here are regularly bilateral, in- 
volve both the kidney and renal pelvis, and are due chiefly to bacilli — 
particularly those of the colon group. Many of the obstructive renal 
infections have similar foci of infection and are also blood-borne, but 
they are distinguished from the first group by having some accessory 
abnormality of the urogenital tract which causes obstruction or stasis. 

In children, acute renal infections not infrequently complicate such 
infections as otitis media, tonsillitis, or sinusitis; or they may occur in 
the course of an infectious fever. Chronic infections are usually of the 
obstructive type and are probably chiefly hematogenous. The obstruc- 
tion is usually due to some form of congenital anomaly. 

Bacteriology. Any pus-producing organism may be found on culture 
of the urine, but the colon bacillus is identified in the majority of renal 
infections. Urea-splitting organisms are, fortunately, much less com- 
mon. In the excellent tabulation contained in Necker’s Eandbuck der 
Urologic (1928), which is based on a large series of cases, colon bacilli 
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make up 74 per cent of the organisms found, with staphylococci second 
in frequency (17 per cent), and streptococci third (4 per cent)— leaving 
only 5 per cent of organisms of all other classes. At a large American 
clinic the figures published in 1938 on 200 cases ran; colon bacillus 55 
per cent, staphylococci 14 per cent, streptococci 4 per cent, Bacillus 
protests, 3 per cent — while the remaining 24 per cent covered a wide range, 
with only 1 or 2 cases of each type. 

In chronic pyelonephritis, especially, it is important to centrifuge the 
urine carefully and make complete examination of the sediment, as 
otherwise the causative organism, or organisms, may not be identified. 
Mixed infections are common, and it is important that the various 
organisms be recognized and appropriate measures taken to get rid of 
all of them. In some cases of mixed infection the disease is apparently 
dependent upon only one type of bacteria, the others being of little or 
no clinical importance; while in other cases the infection refuses to clear 
up until every type of infective organism has been eliminated. Although 
colon bacilli predominate in most cases, other bacteria frequently are 
observed, or there may be complete absence of organisms. Bacillus 
aerogenes and B. proteus, as a rule, cause a greater degree of infection 
than the colon bacillus, but otherwise the pathological changes resulting 
from the presence of various types of bacteria are, on the whole, similar. 

Predisposing Factors. Obstruction, stasis, and d ysfuncti on are the 
most common predisposing’causcs of rcnaTinfection. The obstruction 
may be mechanical or adynamic. The result of such obstruction may 
be a simple pyelitis or pyelonephritis, a suppurative pyelonephritis, 
atrophic pyelonephritis, or pyonephrosis. If the infection is fairly mild, 
removal of the obstruction will frequently result in cure. In advanced 
cases, the infectious process may continue on to complete destruction 
of the kidney even after the cause of obstruction (stone, enlarged pros- 
tate, etc.) has been removed. 

The most common accessory' factors in obstructive jenal infections arc: 
urethrovesical abnormality (posterior urethral valves, contracture of 
the vesical neck, median bar, hypertrophied prostate, stricture) ; neuro- 
muscular vesical dysfunction (cord bladder, atonic bladder); ureteral 
abnormality (ureterocele, stricture, kink, duplication, neuromuscular 
defects); malformation or displacement of the kidneys; hydronephrosis 
due to aberrant vessels and bands or to ureteropelvic obstruction; urinary 
stone; and pregnancy. Common predisposing factors in the renal in- 
fections of infancy and childhood are congenital abnormalities and 
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neuromuscular dysfunction of the bladder, particularly that due to spina 
bifida oculta. 

Sex and Age Incidence. Renal infections are common in both sexes, 
but, with the exception of the coccic cortical infections described above, 
there appears to be a definite preponderance of female over male cases. 
This is due in part to the relative frequency of pyelitis and pyelonephritis 
in association with pregnancy, as well as to the much greater incidence 
of renal infections in female infants and children. All ages are affected. 

Pathology. Focal pyelonephritis without obstruction (descending in- 
fection) is hematogenous and at first involves only the renal parenchyma. 
In staphylococcic infections, as previously noted, the involvement is 
mainly cortical, but if the infection is due to the colon bacillus or some 
other organism, the parenchymal infection is likely to be mainly tubular 
and to spread rapidly to the renal pelvis. The condition is bilateral. 

Obstructive pyelonephritis (ascending infection) is probably also hema- 
togenous as a rule. There is usually an initial simple pyelitis, the lesion 
thence spreading upward into the parenchyma along the renal blood 
vessels, producing eventually an extensive thrombosis of the peripelvic 
venous system (Cabot; R. L. J. Kennedy). Kennedy, in his animal 
experiments, found this venous thrombosis with great regularity, and 
feels certain that it plays an important part not only in the production 
of the later stages of pyelonephritis in man, such as are seen at operation 
or autopsy, but in the whole course of the disease, of which we can only 
judge from clinical observation. Upward extension also takes place by 
pyelovenous, pyelotubular, orpyelointerstitial backflow. 

The pathological picture of the descending and ascending forms of 
pyelonephritis will be indistinguishable. In both forms the infection 
may be acute or chronic. The pelvis and calyces are often dilated. The 
inflammatory changes in the pelvic mucosa and wall may be catarrhal, 
hemorrhagic, suppurative, ulcerative, or diphtheritic. Pyelitis cystica, 
pyelitis granulosa, pyelitis emphysematosa, and leukoplakia may occur, 
though they are rarely recognized clinically. In the parenchyma, the 
bacillar}’ infections frequently form multiple abscesses similar to the 
metastatic cortical abscesses produced by staphylococci. Microscopi- 
cally, these are seen to be situated in the stroma between the tubules and 
glomeruli, as w’ell as between the tubules in the pyramids. If trauma 
has been a predisposing factor — as, for example, when the tissues have 
been injured by a rough calculus — the suppurative area may be confined 
to the injured portion, resulting in a solitary abscess. Coccic and bacil- 
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lary infections not infrequently coexist, or they may appear one after 
another, so that, as the original invaders lose their virulence, secondary 
ones take their places and continue the infected state of the kidney. 
A pathologist, examining the later lesions, however, would probably be 
unable to recognize the original infection. 

Both the pure focal and the ascending forms of pyelonephritis, if un- 
treated, may progress into atrophic pyelonephritis or pyonephrosis, 
according to the degree and nature of the destruction. 

In atrophic pyelonephritis the kidney is contracted to a third or fourth 
of its normal size, and its capsule and the perinephric tissues are thick- 
ened and adherent. The pelvis is also thickened and the upper ureter 
often partly stenosed. The atrophy may be diffuse or circumscribed, in 
the latter case resembling an infarct. Atrophic pyelonephritis may 
follow acute infection, but is usually a sequence of long-standing chronic 
infection with multiple abscesses. It must be differentiated from hypo- 
plastic kidney, sclerotic kidney, and primary atrophy. 

The more common occurrence is progressive suppuration. The term 
pyonephrosis usually suggests the thin-walled, pus-filled sac, with its 
dilated, flabby ureter and strictured ureteropelvic junction, so often 
revealed by operation or autopsy upon subjects of renal disease. There 
is a less typical form of pyonephrosis, however, in which the kidney will 
be found surrounded by a thick envelop of fatty, fibrous tissue, the organ 
itself being shrunken, hardened, and misshapen, and its ureter reduced 
to a fibrous cord— -the entire pathological picture resembling that seen 
in certain cases of renal tuberculosis. There is also an intermediate 
type, in which the walls of the renal pelvis and the parenchyma of the 
kidney proper are greatly hypertrophied and indurated as a result of a 
preceding inflammatory process, while obstructive dilatation will have 
caused both the pelvis and the kidney proper to be dilated far beyond , 
their normal dimensions. Hardly a trace of normal renal substance can 
be found, active abscesses or cicatrization due to previously active sup- 
puration having completely replaced it. In place of the normal calyces 
there may be multiple cavities, the remains of the calyceal walls showing 
as distorted ridges of sclerosed tissue, or they may be entirely lost to view 
in the mass of necrotic tissue. 

Symptoms. Acute pyelonephritis (usually referred to as pyelitis) is 
generally of sudden onset, often starting with fever, chills, and disturb- 
ances of urination (frequency', dysuria, urgency, pyuria), and accom- 
panied, as a rule, by loin pain or discomfort and nausea and vomiting. 
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Leukocytosis is the rule. The urine is turbid, and microscopic examina- 
tion almost constantly reveals pus, blood, and organisms — usually some 
form of bacilli, particularly the colon bacillus. The urinary findings 
differentiate the infection at once from staphylococcic cortical infections, 
in which the urine is generally absolutely clear. 

The acute symptoms usually subside in from 5 to 14 days, but a bacil- 
luria and a mild intermittent pyuria frequently persist. The case then 
becomes a subacute or chronic pyelonephritis. 

Chronic pyelonephritis includes cases of recurring attacks of acute 
pyelonephritis, acute cases which have failed to clear up, and occasional 
cases which persistently show pus and organisms in the urine although 
no history of acute attacks can be elicited. There are recurrent attacks 
of fever, chilliness, and malaise, with accompanying exacerbations of the 
urinary symptoms. Leukocytosis is usually not present except at the 
height of the exacerbations. The most prominent symptoms being 
referable to the bladder, these patients frequently are treated for cystitis, 
when the pathology is primarily renal and treatment should be directed 
to the kidney infection. 

The most conspicuous symptoms of pyonephrosis arc constant or 
intermittent pyuria and pain or a sensation of heaviness in the affected 
side, usually at the costovertebral angle. The fact that many pyone- 
phrotic kidneys come under observation only in an advanced stage of 
the disease would seem to argue that the symptoms are by no means 
always indicative of the seriousness of the condition. While all patients 
give a more or less definite history of “kidney trouble” — often of very 
long standing — many have been leading relatively normal, active lives 
until an acute exacerbation sends them to the physician. Sometimes 
the fact of the urine being loaded with pus will only he discovered when 
the patient is rejected for life insurance, or urinalysis is undertaken for 
some other reason. Again, the infection may be communicated to the 
perirenal tissues, setting up perinephritic abscess, for which the surgeon’s 
services are sought, and the renal condition uncovered. 

The acute attacks are characterized by pain in the lumbar region, chills 
and fever, sometimes painful cystitis, and a high leukocyte count. If 
perinephritic abscess supervenes, the symptoms will be those of acute 
perirenal suppuration. The patient who has no rise of temperature when 
seen between these acute exacerbations will manifest symptoms of bac- 
terial toxemia, but usually only to a limited extent. There will be pus 
and, possibly, red blood cells in the urine, more or less extensive cystitis. 
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and, usually, pain and tenderness in the renal area. According to the 
extent of the intoxication generated by the pyonephrotic mass, there will 
be complaints of headache, loss of weight, lassitude and general malaise, 
and , in certain instances, a long train of gastrointestinal manifestations. 

Diagnosis. The accurate diagnosis of all renal infections except the 
very acute is possible only after a complete urological investigation. 
Important points to be determined are: (1) whether the infection is 
cocdc or bacillary; (2) whether it is acute or chronic; (3) whether it is 
unilateral or bilateral; (4) the primary focus of infection; (5) the existence 
and nature of accessory urogenital abnormalities causing obstruction or 
stasis; (6) the degree of destruction and functional impairment; (7) the 
condition of the opposite kidney. 

The diagnosis is based on: (1) the history, (2) physical examination, 
(3) examination of the urine, (4) cystoscopy and ureteral catheterization, 
examination of separate specimens, and determination of separate func- 
tion, and (5) roentgenography. 

A history of fever, chills, backache, abdominal pain, and urinary dis- 
turbances, with leukocytosis, costovertebral tenderness on palpation, 
and turbid ur ine is suggestive of an acute attack of renal infection. In- 
strumental examination is contraindicated in the very acute stage. 
However, by examining the urine bacteriologically and by smear, ob- 
taining its pH, and correlating these laboratory findings with the clinical 
findings, the clinician will often be enabled to arrive at an accurate diag- 
nosis. 

Examination of the urine by smear and culture should be the initial 
step in diagnosis. .Early marked changes in the urine distinguish bacil- 
lary pyelonephritis from the focal staphylococcic infections of the ren al 
cortex — a diagnostic factor of great importance since in both types of 
infection the most prominent symptoms of the acute stage, namely, the 
systemic symptoms, are frequently very similar, although acute bacil- 
lary infections are generally less prnstraiiry* than staphylococcic disease. 
In pyelitis and pyelonephritis the urine is turbid, and sterilely obtained 
specimens will, on bacteriological examination and staining, show pus, 
blood, and organisms; in focal staphylococcic infection of the cortex 
the urine is generally perfectly clear. 

The diagnosis of chronic renal infection requires a complete urological 
examination. Thorough investigation must be made to determine the 
underlying cause of the persistent infection. The commonest single 
factor is obstruction to urinary drainage. This may occur anywhere in 
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the urinary tract, from the kidney to the external urethral meatus. 
Cystosc opy, f unctional test s, and pyelo graphy us ually give characteristic 
evidence of a chronic renal infection. If an obstruction to urinary drain- 
age is found, the extent and nature of the damage from back pressure 
must be determined, as well as the damage from infection. 

If pus and Bacilli coli or other organisms are present in the urine from 
both kidneys, but there is no urogenital abnormality, little or no tender- 
ness in the loin (except in acute attacks), no disturbance of renal func- 
tion, and the pyelo-ureterograms are either normal or show characteristic 
deformity of the upper ureters, without much change in the pelves and 
calyces (Braasch), it may reasonably be inferred that the infection is a 
bilateral focal pyelonephritis without obstruction. The urinary findings 
will differentiate such an infection from focal staphylococcic disease of 
the cortex, but its differentiation from the ascending type of pyelo- 
nephritis is dependent upon complete urological examination. 

In all renal infections it is essential that a search be made for fod of 
infection in the respiratory tract, skin, genitalia, and— particularly— the 
intestinal tract, since the elimination of such foci is an important factor 
in the clearing up of chronic infection of the kidney. 

The bladder findings do not, as a rule, aid materially in the identifica- 
tion of pyelonephritis, for often there is little or no variation from the 
normal cystoscopic picture. There may, however, be evidence of in- 
flammation about the orifice of the affected kidney’s ureter. In pyo- 
nephrotic kidney, the ureteral orifice-may-be-inflamed, or it may appear 
to be normal but a catheter inserted into it will be stopped at the uretero- 
pelvic junction, or before, and no urine will be obtained from that side 
because the kidney has ceased to function. Sometimes a worm-like 
string of pus can be expressed from the ureter. Such a ureter may be 
closed entirely at one examination but found open and emitting a stream 
of pus at another. This is the cause of ‘ Mnter miUeiiLpymia-” 

Roentgenography. 'Without the clinical and laboratory data the 
roentgenographic findings in pyelonephritis would have little value, 
but, when correlated with other diagnostic information, the results of 
pyelographic study are often of material aid in arriving at a diagnosis. 
Retrograde or excretory pyelography is essential for the identification 
of obstructive lesions or anomalies so frequently responsible for the 
production and maintenance of renal infection in infants and children, 
as well as in adults. 

Ectasis of the upper third of the ureter, with little change in the pelvis 
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and calyces, is regarded by Braasch as characteristic of pyelonephritis. 
This upper ureterectasis is due in part to interference with the normal 
peristalsis of the ureter and pelvis because of inflammation, and in part 
to transitory edematous obstruction of the lower ureter. In pyelo- 
nephritis, excretory urography rarely permits adequate visualization of 
the character and extent of the deformity wrought by the infection. The 
characteristic ectasis and blunting of the minor calyces may be so slight 
as to be indiscernible even to the most expert interpretation. The extent 
of both the calyceal and the ureteral deformities are better determined 
by retrograde pyelography — particularly in the presence of retention, 
when the pelvic outline is usually well visualized. 

In advanced stages of renal infection, such as atrophic pyelonephritis 
and pyonephrosis, roentgenography is diagnostically helpful. In 
atrophic pyelonephritis, the plain x-ray film will show a small kidney 
shadow, and pyelography will reveal irregular constricted areas in the 
ureter alternating with dilatation, a shrunken pelvis, narrowing and 
elongation of the major calyces, and irregularity and decreased size of 
the minor calyces. 

The distorted outline seen in the pyelogram of chronic pyonephrosis 
is caused by dilatation of the pelvis and calyces, the eroding effects of 
ulceration, and distortion due to the shrinkage of scar tissue. In 
advanced cases, there may be no normal tissue remaining-only a great 
central cavity filled with the debris of the ulcerative and necrotic proc- 
esses, this partly filled cavity showing in the pyelogram as an irregularly 
outlined, dimly defined mass which has sometimes been mistaken for a 
cyst or tumor. Plain roentgenograms are sometimes useful in indicating 
areas of calcification and distortion of the renal shadow, which may be 
suggestive. Since the kidney is usually functionless, or its function 
materially reduced, excretory urography is seldom of value except to 
confirm the presence of a non-functioning organ. 

Prognosis. The prognosis depends on the type and vi rulence of the 
infecting organism and the early recognition and elimination of foci of 
infection and obstructive complications in the urinary tract. Simple 
pyelitis and the milder types of pyelonephritis with obstruction fre- 
quently heal without impairment of function upon the establishment of 
good drainage from the kidney. In other cases, temporary’ improvement 
is obtained by appropriate treatment, but recurrences arc frequent, so 
that the urologist cannot be too confident of securing a permanent cure. 
The fulminating types of pyelonephritis frequently lead to suppurative 
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pyelonephritis, multiple cortical abscesses, atrophic pyelonephritis, or 
pyonephrosis. If unilateral, these generally require nephrectomy; if 
bilateral, they are usually fatal. 

Renal infections occurring at the height of infectious fevers usually 
clear up promptly with improvement in the primary condition unless 
an obstructive condition is present, when the infection is likely to become 
chronic or progressive. 

Treatment. The treatment of renal infections has undergone a radical 
change in recent years. Formerly, all treatment was more or less 
empiric; symptoms were dealt with as they appeared, in the hope that 
eventually the cause might be eliminated. Today, search is first made 
for the cause, and, if this can be determined, treatment is directed 
primarily toward its elimination, in the belief that if the infection is not 
too far advanced removal of the cause will be followed by abolition of 
the symptoms. 

The treatment of renal infections is dependent upon (1) whether the 
infection is acute or chronic, (2) the type of invading organism, (3) the 
presence or absence of obstructive or oilier accessory factors, (4) the 
extent of destruction and functional impairment. 

Acute Infections. In acute infections the use of instruments is contra- 
indicated as a rule. The patient should be put to bed and placed on a 
regime of forced fluids and alkalies in the form of potassium citrate or 
one of the alkaline mineral waters (p. 1006) . The original focus of many 
of these infections is in the intestines, and relief of stasis of the bowel by 
dietetic and mechanical means is essential. When relief of the acute 
symptoms has been secured, urinary antiseptics may be administered — 
the type of antiseptic depending upon the nature of the invading or- 
ganism (see p. 1162). 

In certain cases, -with considerable loin discomfort or pain, when the 
presumptive evidence indicates obstruction (for example, the obstruc- 
tion caused by the pressure of the gravid uterus in the pyelonephritis of 
pregnancy), it may be necessary' to pass a ureteral catheter to permit 
better drainage. Prompt ureteral catheter drainage in these cases will 
not only shorten the duration of the infection, but will reduce the renal 
damage to a minimum. 

The patient should be kept under observation until entirely relieved 
of symptoms and the urine is sterile and free of pus. 

Chronic Infections. Chronic pyelonephritis often persists because of 
associated pathological conditions and anomalies of the urinary’ system. 
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The most important single factor in the treatment of these cases is the 
removal of any obstruction, stasis, or other accessory factor. With the 
removal of the obstruction, and the establishment of adequate drainage, 
many renal infections dear up promptly. On the other hand, failure to 
eliminate the obstructive factor in the kidney, ureter, bladder, or urethra 
will render ineffective any treatment directed to the renal infection itself. 
Many of these obstructions can be relieved by cystoscopic manipulations, 
although surgery will be required in certain cases. 

Since most kidneys become infected by bacteria conveyed through the 
blood stream, it is essential that fod of possible infection — in the skin, 
respiratory tract, genitalia, and intestinal tract — be eliminated by ade- 
quate measures if the kidney infection is to be relieved and its recurrence 
prevented. 

After underlying pathological conditions have been discovered, there 
still remains a relatively large group of chronic infections in which no 
accessory urogenital abnormality can be found. These are the cases 
of so-called pure focal pyelonephritis in which there is bilateral involve- 
ment, persistent or intermittent pyuria, and characteristic pyelographic 
findings. The treatment of these cases is chiefly medical and is fre- 
quently disappointing— sometimes requiring continuance over a period 
of many months or even years. 

In chronic infections, nephrectomy is usually necessary when there is 
advanced renal suppuration. When there is still hope of saving the kid- 
ney, this is accomplished by the oral administration of urinary antiseptics, 
lavage of the kidney pelvis with suitable antiseptics, an abundance of 
fluids, attention to diet and regulation of the bowels, and the promotion 
of free drainage, chiefly by the use of an indwelling ureteral catheter. 

The oral administration of urinary antiseptics has long been a popular 
method of treatment. Except in the simpler and more superficial in- 
fections, however, cures are probably rarely attained by the use of urinary 
antiseptics alone. Extensive parenchymal involvement, such as the 
multiple fod of suppuration seen in protracted diffuse pyelonephritis, 
is likely to prove resistant to all attempts to obtain a cure by drug therapy 
or by pelvic lavage through the ureteral catheter. The choice of anti- 
septic will depend upon the type of invading organism. The most useful 
antiseptics now available arc the sulfonamides, mandclic acid, mandcl- 
amine, and methenamine. These are discussed in detail on pages 1162 
to 1186. Penidllin, when available for general clinical use, should prove 
very valuable in staphylococcic infections. 
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The kelogenic diet (p. 1189), while efficient in a large proportion of uri- 
nary infections due to the colon bacillus group of organisms, is difficult 
to administer and poorly tolerated by many patients because of its high 
proportions of fat and carbohydrates. It therefore has a limited applica- 
bility, and has been largely replaced by sulfonamide and mandelic acid 
therapy. 

The indwelling ureteral catheter is sometimes very useful, in cases com- 
plicated by obstruction, for the promotion of free drainage. The pyelo- 
nephritis of pregnancy , in particular, is very frequently' benefited by 
this form of therapy. The catheters should be frequently observed to 
see that they are draining satisfactorily, and, if there is evidence of 
blockage, irrigation should immediately be instituted. 

Lavage of the renal pelvis through the ureteral catheter (p. 1715) is in- 
dicated in the treatment of many subacute and chronic renal infections. 
The ureter is opened up by the mechanical action of the ureteral catheter, 
which is probably the chief virtue of lavage, although the credit is likely 
to be given to the antiseptic solution employed. 

General measures to build up the patient’s resistance, such as rest, 
abundance of fluids (except in certain forms of drug therapy, where fluids 
must be restricted to secure adequate concentration of the drug), atten- 
tion to diet, and regulation of the bowels, are of great importance in the 
treatment of renal infections In the simple, non-obstructed and non- 
romplicated acute cases of pyelonephritis, Beer found castor oil to be 
almost a specific, and claimed very satisfactory' results in innumerable 
cases over a period of many years. Its efficacy he believed to be due to 
the fact that in most of these cases there is an invasion of the blood stream 
from the incompletely evacuated colon. 

Vaccines and bacteriophage have many supporters, but their popu- 
larity is not so great as formerly. 

Surgery is indicated in certain cases for the removal of obstructions 
or the correction of some urogenital abnormality. In severe cases of 
bacillary' infection, exposure of the kidney and decapsulation have been 
productive of rapid improvement in many' instances. Perirenal drainage 
and drainage by' nephrostomy are necessary in certain cases. 

If the opposite organ is functionally efficient, a functionless pyo- » 
nephrotic kidney should be removed, both to safeguard the patient’s 
general health and to dimmish the danger of involvement of the opposite 
kidney. When nephrectomy is decided upon, every effort should be 
made to put the “good” kidney in condition to assume the double burden 
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soon to be imposed upon it. As it has probably been doing the work of 
both sides for some time, this may at first seem an unnecessary precau- 
tion, but statistics show that uremia, due to failure of the function of the 
remaining kidney, is the most frequent cause of postoperative death in 
cases of pyonephrosis. Preoperative drainage of the pyonephrotic kid- 
ney, thus lessening the amount of circulating toxin carried to the healthy 
organ, and lavage of the other kidney, if there is reason to believe it is 
sharing in the infection, are advisable. When both sides are seriously 
affected, the only course is bilateral nephrostomy, which is rarely 
successful. 


(3) Pyelonephritis oj Pregnancy 

Pyelonephritis of pregnancy — frequently, but improperly, termed 
pyelitis — is of common occurrence, and probably helps materially to 
account for the preponderance of renal infections in females. The con- 
dition is often bilateral. When unilateral, the right side is more likely 
to be affected than the left. There is always involvement of the adja- 
cent ureter and frequently cystitis. Pus, in varying amounts, is almost 
always present in the urine, but unless microscopic examination of the 
urine is made, the milder cases are likely to go unrecognized, the rather 
vague symptoms being attributed to pressure of the enlarging uterus, 
constipation, or other factors. 

Pyelonephritis occurs most often during the first pregnancy, although 
some women have an associated pyelonephritis with each pregnancy. 

Etiology and Bacteriology. The Bacillus coli or allied form is the 
predominant organism — occurring in over 80 per cent of the cases. 
Other organisms occasionally identified are B. proteus, staphylococci, 
streptococci, and the gonococcus. 

Hematogenous infections, from a focus in the intestinal tract, prob- 
ably make up the majority of these infections; but ascending infection, 
by vesico-ureteral reflux, cannot be disregarded, in view of the frequency 
with which there is found in pregnant women a bacilluria combined with 
the presence of residual urine in the bladder— the latter condition favor- 
ing reflux. Colon bacilli and other infectious organisms from the female 
genital tract or the lower intestinal canal can ascend to the bladder up 
the short urethra without producing a urethritis, and, in the presence 
of reflux, set up renal infection. 

Obstruction and stasis are the chief accessory’ factors in the production 
of any form of pyelonephritis; and in the causation of pregnancy pyclo- 
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nephritis stasis due to pressure of the enlarging uterus upon the ureters 
at the pelvic brim is undoubtedly a prominent predisposing factor. 

The physiological influence of pregnancy on the urinary tract has been 
demonstrated not only by postmortem studies but by pyelographic and 
cystoscopic investigations. Such studies have definitely proved that 
displacement of the ureters and obstruction by pressure are regular 
accompaniments of pregnancy. The relation of renal infection to these 
changes is, however, poorly understood. Not all pregnant women suffer 
infection, and other preexisting or concurrent factors must operate in 
addition to the anatomical changes caused by the enlarging uterus. 

Numerous observers (Kretschmer, Heany, and OckulyjLuchs; Harris; 
Bugbee, Schumacher; Woodruff and Milbert) have demonstrated, by 
roentgenographic studies, that the ureters and renal pelves are regularly 
dilated during pregnancy, so that even under the best conditions the 
kidneys of the gravid woman run more chance of becoming infected 
than those of non-pregnant women. This characteristic dilatation of 
the upper urinary' tract during pregnancy was noted a century ago by 
Pierre Rayer, who commented on the frequency with which it was asso- 
ciated with infection. Demonstrable dilatations may appear as early 
as the sixth week, but dilatation usually occurs after the third month. 
The ureteral dilatation is, with rare exceptions, above the brim of the 
pelvis Kretschmer, Heaney, and Ockuly found dilatation of the ureters 
and renal pelves during pregnancy and the puerperiuin in 100 per cent 
of their cases; in 59.3 per cent there was a return to normal after 2 weeks 
and in 34.3 per cent after 6 weeks, while the remaining 6.2 per cent were 
normal after 12 weeks. 

As the uterus continues to enlarge and pressure on the ureter increases, 
there is delay in the excretion of the kidney, associated with more or less 
atony of the ureter and an increasing feebleness in its response to stimuli. 
With more or less stasis, together with delayed emptying of the renal 
pelvis, ureter, and bladder, conditions favoring the production of infec- 
tion are set up. 

This same pathological picture of dilatation, stasis, and infection, it 
should be noted, is frequently seen in non-pregnant patients with uterine 
fibroids, ovarian cysts, and other pelvic tumors.* Kretschmer and Kan- 
ter (1937), in a urographic and pyelographic study of 51 patients with 
fibroids, ovarian cysts, or prolapse, found unilateral or bilateral dilata- 
tion and displacement of the ureters in 33. Following appropriate surgi- 
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cal procedures, a restoration to normal took place in 72.5 per cent, as 
evidenced by postoperative pyelo-ureterograms. 

Another factor that easily might influence the production of pyelo- 
nephritis during pregnancy is the congestion of the mucosa of the pelvic 
portion of the ureter which appears at about the third month, in associa- 
tion with edema of all the pelvic viscera, as well as the vagina and external 
genitalia. By diminishing the caliber of the lumen of the pelvic ureter 
and of the ureterovesical orifice, this edema increases the stasis produced 
by the obstructing gravid uterus. 

Other etiological factors have been suggested. A pyelonephritis of 
infancy or childhood is believed by many to have an important bearing 
on pregnancy pyelonephritis (a history of such infection is fairly common 
in pyelonephritis of pregnancy') • Renal congestion due to pressure of 
the gravid uterus on the venus supply of the kidneys, together with the 
increased work thrown upon the kidneys during pregnancy, has been 
suggested. Many observers feel that poor ureteral drainage, combined 
with intestinal stasis (due to pressure on the intestines by the uterus, 
sedentary habits, etc.), is a leading cause of these infections. Nephrop- 
tosis and its common accompaniment, enteroptosis, are very frequent 
in women, and it has been suggested that these, by producing stasis both 
in the kidneys and the intestines, may play a part in the causation of 
pregnancy pyelonephritis. A congenital anomaly may be the main 
causal factor, for an abnormal urinary tract, which functioned well in the 
non-pregnant state, may be easily crippled when crowded by the enlarg- 
ing uterus. 

Stricture of the ureter has been advanced as a frequent cause by Hun- 
ner, Corbus and Danforth, and others. Unilateral or bilateral strictures 
are found fairly' often in pregnant women, and, when present, undoubt- 
edly increase their susceptibility to infection. Later observers (Crab- 
tree; Livermore) are, however, inclined to the belief that the stricture is 
the result rather than the cause of the infection — the pressure on the 
ureter at the pelvic brim so injuring the ureteral mucosa as to make it 
a ready lodging-place for bacteria, which set up inflammatory changes 
that eventually produce a stricture. 

Purely focal infections, blood borne from infected cervical or perineal 
lacerations, or from infectious foci in the teeth, tonsils, etc., may, of 
course, occur in patients who have had no renal involvement during 
pregnancy but whose resistance has been lowered by childbirth. 

Pathology. Whether the infection be hematogenous or ascending, 
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the ordinary pathological picture is that of an acute, diffuse, exudative 
inflammation involving the parenchyma, pelvis, and ureter, usually 
accompanied by cystitis. The ureteritis is not as a rule severe enough 
to injure the mucosa sufficiently to induce stricture by the formation of 
fibrotic tissue. Sometimes, however, the submucosa and muscularis 
become involved in a widespread inflammatory reaction which, if con- 
tinued for any length of time, will produce a typical scar-tissue fibrosis. 
Like any pyelonephritis, the pathological process in the kidney may pro- 
ceed to suppuration, with the production of multiple miliary abscesses 
in the parenchyma, or it may eventuate in an atrophic pyelonephritis. 
More often, however, following delivery' healing ensues promptly, the 
inflammation being dependent largely upon obstructive changes which 
are transient and physiological in nature. 

This point of view — that pyelonephritis of pregnancy is a transitory 
affection in most cases — is a prevailing one among both urologists and 
obstetricians. It is based on the fact that in most pregnancy infections 
of the urinary tract there is little evidence of renal insufficiency and 
hypertension, and, where such insufficiency has been demonstrated, there 
is prompt return of the kidneys to apparent normal function. In order 
to determine whether the effects of the pyelonephritis are actually as 
temporary as has been generally supposed, or whether there later is evi- 
dence of renal insufficiency and hypertension, Crabtree and Reid in 1940 
made a clinical study of 45 cases in which the patients had had pregnancy 
pyelonephritis 5 to 10 years earlier, without evidence of renal pathology 
prior to the pregnancy. The cases were divided into 3 groups. Group 
I consisted of 14 cases in which there was pyuria, bacteriuria, and little 
or no fever. Group II consisted of 12 cases in which there was some fever 
and more severe symptomatology, but the patients all were tractable to 
treatment. Group III consisted of 19 cases in which there were severe 
febrile manifestations; most of these patients required cystoscopic treat- 
. ment and even Induced labor before there was subsidence of the acute 
symptoms. 

Some of their more pertinent findings were as follows: 

1- Through examination by intravenous pyelography, intravenous 
phenolsulphonphthalein excretion, concentration of the urine test, and 
tests for the retention of nitrogen, evidence was produced which indicated 
“that a high percentage of patients suffer appreciable damage to their 
kidneys which is demonstrable at from 5 to 10 years after the infection. 
For the majority, adequate renal function is present at that time.” 
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2. The severity of the initial pyelonephritis is not, apparently, any 
criterion of the persistence of the infection beyond the average rate of 
spontaneous clearance. Of the mild cases, 5 of the 14 patients were still 
infected at the time of the study; while 3 of the 12 patients with moder- 
ately severe infections, and 6 of the 19 patients with severe pyelonephritis, 
were known to have remained infected. 

3. The prognosis is grave in patients who have had both toxemic and 
pyelonephritic injury. Hypertension occurred in all of the 3 such cases 
in this series; and 2 of the 3 patients were dead 5 years after the injury. 

4. Six patients with pyelonephritis showed blood-pressure readings 
above 150/90, associated with some evidence of renal deficiency. 

5. Renal injury, in this group, consisted of injury both to the con- 
duction channels, pelvis and ureter, and to the cortex. When there is 
injury to the conducting channels, the stasis of urine produced by this 
condition may further injure the cortex, especially when infection is still 
present. Stone occurred in 5 of the 45 patients studied. 

It is the opinion of these experienced investigators that the pyelonephri- 
tis of pregnancy should be regarded as a progressive disease in many cases, 
although as yet they have no data indicating to what extent it shortens 
life. 

Symptoms. The symptoms may be mild or they may be exceedingly 
severe. In general, they are similar to those in other forms of pyelo- 
nephritis (p. 1466). Many patients first notice a disturbance of urination 
(frequency, dysuria, urgency). Examination of the urine will usually 
reveal pus cells, albumin, and bacteria — generally Bacillus colt or, more 
rarely, staphylococci. Not infrequently, however, there wall be no vesi- 
cal symptoms other than the usual frequency of the later months of preg- 
nancy As a rule, there is fever (usually of low grade), with chills, 
sweats, nausea and vomiting, and soreness and pain in one or both 
loins. Marked prostration may develop. Leukocytosis of varying degree 
is the rule, but may be absent. 

The infection may remain dormant during pregnancy, producing only 
mild symptoms, but may become acute following delivery, when there 
will be severe symptoms and large amounts of pus in the urine. 

Diagnosis. Carefully compiled statistic^ of a number of large mater- 
nity centers indicate that a majority of the patients arc between the ages 
of 20 and 30 years, although there is a prevailing impression — shared in 
by the medical profession and the laity — that very' young and middle- 
aged primiparac are most prone to “kidney trouble.” 
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The diagnosis differs in no way from that in other forms of pyelo- 
nephritis, and is based on the history, physical examination, and micro- 
scopic examination of the urine. Routine urinalysis, such as is practiced 
by all physicians in charge of pregnant patients, is serviceable in calling 
attention to any kidney irregularities, but is of small aid in diagnosing 
the precise nature of these disturbances. 

Most urologists are of the opinion that symptoms of infection and the 
finding of pus and organisms in the urine justify immediate urological 
investigation. When there is leukocytosis, fever, chills, nausea and 
vomiting, and right-sided abdominal pain, the infection may be difficult 
to differentiate from appendicitis or ovarian disease. Cystoscopy will 
differentiate pyelonephritis and should be done promptly. 

Excretion urography is frequently helpful in diagnosing renal disturb- 
ances attending the pregnant state. Of course, if a kidney is function- 
ing so poorly that excretory urography yields no results on the affected 
side, recourse to other diagnostic methods will be necessary, but even 
these negative results may serve a useful purpose when correlated with 
other findings, and excretory urography should be done when indicated 

Treatment. An increasing appreciation of the necessity of adequate 
prenatal care and supervision of every pregnancy, whether presenting 
pathological symptoms or not, will automatically reduce the incidence 
of evil results from the physiological alterations inevitable in the upper 
urinary tract even during normal pregnancy. Appropriate urinary’ anti- 
septics may assist in keeping the urine sterile when the period of obstruc- 
tion and consequent urinary stasis is reached. 

In general, measures advocated for the eradication of infection in the 
kidney’s and ureters in pregnancy do not differ from those in similar 
renal infections in non-pregnant women. The infection can usually be 
controlled to full term, but cannot be cured before delivery'. An uncom- 
plicated pyelonephritis seldom necessitates the interruption of a preg- 
nancy’. Rest, suitable diet, large amounts of water (by mouth, or, if 
this is impossible, by hypodermoclysis, intravenously, or by rectum), 
alkalinization of the urine, followed by oral administration of urinary 
antiseptics, and — above all — the establishment and maintenance of ade- 
quate drainage from both renal pelves, will, in most cases, permit the 
patient to be carried to full term. Drainage in these cases is best main- 
tained by the use of indu elling ureteral catheters (Indwelling Ureteral 
Catheterization, p. 1716). 

Failure to control the infection by’ the use of the above measures 
necessitates the termination of pregnancy, but this is uncommon. Some- 
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times, in unilateral conditions, such as stone, or renal or perirenal suppu- 
ration, an emergency nephrostomy or decapsulation may permit the 
patient to be carried to term — nephrectomy or other necessary radical 
surgery being postponed until after the puerperium. In grave bilateral 
lesions, however, interruption of pregnancy is preferable to any type of 
renal surgery. 

Perinephritic Abscess 

Definition. There has been considerable discussion regarding the 
proper classification of the lesion called by some a perinephritic abscess 
and by others a perinephric, perirenal, or a paranephritic abscess. 
Strictly speaking, perinephritic abscess includes only suppurations of the 
perinephrium — the fatty tissue between the kidney and the renal 
(Gerota’s) fascia. If the inflammation or suppuration is outside the 
renal fascia, it is pararenal (paranephritis; pararenal abscess). Since, 
however, these lesions are indistinguishable clinically, they will be con- 
sidered together under perinephritic abscess. 

Rayer (1839) was the first to describe perinephritis. Lilienthal (1896) 
drew attention to the relationship between perinephritic abscess and 
cortical suppurations of the kidney. Israel (1905) first described renal 
carbuncle and pointed out its association and that of perinephritic 
abscess to peripheral skin suppurations. 

The Perinephrium. The perinephrium is the lemon-yellow layer of 
fat surrounding the kidney inside the renal fascia. It was originally 
described by Gerota, who found no trace of it at birth, observed that 
it was still in a state of evolution at puberty, but found it to be fully 
developed in the adult. This fascia and its attachments are so located 
that when retroperitoneal suppuration in the pelvis travels upward it 
will eventually surround the kidney. It also acts to convert into a peri- 
nephric process any suppuration arising in the kidney which breaks 
through the latter’s fibrous capsule. 

Etiology and Bacteriology. Perinephritic abscesses are most com- 
monly classified as primary or secondary. They are also grouped as 
renal or non-renal. 

A perinephritic abscess is said to be primary (non-rcnal) when it origi- 
nates from a focus outside the kidney. “Primary” refers, as a rule, to 
the metastatic perinephritic or paranephritic abscess of staphylococcic 
origin; but it may refer to the now rarely observed perinephritic abscess 
which is a direct extension from suppuration in neighboring organs, such 
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as the retroperitoneal appendiceal abscess or other suppuration which 
extends upward, or an empyema which spreads downward. The peri- 
renal fascia extends along the ureter to the bladder, and infections may 
ascend along this periureteral sheath from adnexal and pelvic lesions in 
both sexes and be the cause of a perinephritic abscess, though this 
is uncommon. 



Fig. 314. Case of ruptuie of the vena cava caused by a retroperitoneal abscess. View 
obtained at autopsy. ( 1 ) The vena cava has been opened, and pus is shown entering through 
an opening on the posterior n all (2) Show s a probe passed through the opening in the vena 
cava. 

“Secondary” refers to those cases in which the primary lesion is in the 
kidney. The perinephric tissues become secondarily infected either by 
extension from or rupture of the renal focus. This condition is very 
commonly seen in cortical abscesses, carbuncle, and calculous or tuber- 
culous pyonephrosis, but less seldom in pyelitis or pyelonephritis. 

While all observers agree that there is a definite relationship between 
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perinephritic abscess and both the suppurative infections of the rena. 
cortex and suppurative foci elsewhere in the body, there is considerable 



Tig 315 Rupture of the vena cava caused bj retroperitoneal abscess Schematic draw* 
mg showing longitudinal section of the body. The membranous urethra had ruptured, 
followed by the formation of multiple perineal abscesses The abscess then burrowed upward 
until it reached the level of the kidne> \t this point it invaded the wall of the vena cava, 
causing rupture of the same and death 


difference of opinion as to the relative frequenc} - of primary (metastatic) 
perinephritic abscess and perinephritic abscess following cortical sup 
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purations. There is believed to be a separate arterial supply to the 
perinephrium from the renal artery, and, in view of this, Vermooten, 
Bugbcc, and other recent writers have emphasized the probability of 
perinephric suppuration being frequently produced by metastatic infec- 
tion of the perinephrium from a superficial pyogenic focus, an acute 
suppurative otitis media, or a coccic suppuration in the respiratory or 
digestive tract. On the other hand, Israel, Beer, and many others who 
have made careful studies of these infections, while conceding the possi- 
bility of metastatic infection of the perinephrium, are of the opinion that 
operating-room and postmortem evidence points strongly to the greater 
frequency of perinephritic involvement from a primary focus in the 
renal cortex. 

Trauma is probably an important predisposing factor in the develop- 
ment of perinephritic abscess. Even slight force, by causing rupture 
of the fine blood vessels in the perinephric fat, may result in the forma- 
tion of minute hematomas, which provide ideal breeding-places for pus- 
forming organisms which may chance to be in the blood stream. 

Staphylococcus aureus is the causative agent in the majority of cases. 
Staphylococcus albus, streptococci, various bacilli, and pneumococci are 
occasionally found. When perinephric and coccic cortical suppurations 
are associated, the pus from both lesions almost always contains the 
same organism— namely, Staphylococcus aureus ; but when the peri- 
nephritic abscess is associated with cortical abscesses due to ascending 
pyelonephritis, Staphylococcus aureus is an infrequent finding— bacilli 
of the colon, proleus, pyocyaneus, Friedliinder, or lactis-aerogenes groups 
being usually identified both in the pus and in the urine (Beer). 

Incidence. Perinephritic abscess is more common in men than in 
women. Any age may be affected, but the age period of greatest inci- 
dence is between 20 and 40 years. A number of cases have been reported 
in children and a few in infants, but as a rule perinephritic and cortical 
renal suppurations are much more common sequelae of staphylococcic 
infection in adults than in children, in whom osteomyelitis is the usual 
sequel. 

The right side appears to be affected slightly more often than the 
left. Bilateral involvement is rare. Hunt, searching the literature in 
1924, was able to collect only 11 cases, and few have been recorded since. 
Twinem (1936) reported from our service a case of bilateral perinephritic 
abscess in a patient with polycystic kidneys. Six weeks before admission 
the patient (a fireman) had been struck in the left flank by a stream of 
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water from a fire hose. A perinephritic abscess developed on the left 
side first, and later another developed on the right side. 

Pathology. Upon exploration, there will be found great edema of the 
perinephrium and a small amount of pus in early cases; but in cases of 
longer duration an immense abscess cavity may surround a portion or all 
of the kidney. Occasionally there may be detected the point in the 
kidney cortex whence an abscess had its beginning. 

Perinephritic abscess is usually an acute condition, but may be chronic. 
Chronic forms of the disease follow acute attacks which may have been 
overlooked because of their mildness. Lowsley had a case of 9 years’ 
duration, during which there had been three distinct exacerbations. 
There were three separate cavities connected by small orifices similar to 
those of vesical diverticula. 

Symptoms. There are no pathognomonic signs or symptoms. The 
early manifestations are those of an acute or subacute infection in any 
part of the body. The onset may be sudden, with fever, chills, leuko- 
cytosis, nausea and vomiting, and prostration; or it may be gradual, 
and manifested mainly by general weakness and inertia and unexplained 
fever. Costovertebral pain and tenderness are regularly present, but 
do not differ from the pain and tenderness produced by stone, pyone- 
phrosis, or advanced tuberculosis. A tender tumor develops in the loin, 
and palpation will reveal an indefinite mass in the flank, with rigidity 
and, sometimes, a “doughy” feel. There may be flexion of the thigh, 
making voluntary extension painful if not impossible. 

Diagnosis. The diagnosis is based on the history, physical findings, 
and plain x-ray examination. Of particular importance are (1) a history 
of previous pyogenic infection (carbuncle, boil, otitis, osteomyelitis, etc-), 
(2) leukocytosis and unexplained fever, (3) costovertebral pain and 
tenderness, and (4) the palpation of a tumor in the loin. Occasionally a 
needle may be inserted into the suspected area and pus withdrawn. 

Cystoscopy and urography are of little value. Urinalysis gives little 
or no help except in the relatively rare perinephritic abscess associated 
with pyelonephritis or pyonephrosis, when organisms (usually bacilli) 
may be recovered from the urine. Blood cultures are often helpful, 
and should always be made. 

The plain x-ray is frequently a valuable aid when considered with the 
history and clinical course. Obscuration of the shadow of the psoas 
margin, cffacement of the renal shadow, and curvature of the lumbar 
spine are all common findings— particularly the first, which is prac- 
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tically a constant sign. Scoliosis occurs late Mathe has made an 
important contribution in his “sign,” which is lack of normal mobility 
or descent of the kidney, as shown by a pyelogram made in the Trendelen- 
burg and vertical postures, with displacement of the ureter due to hyper- 
trophy of the perinephric fat or to adhesion of the cicatricial tissue of 
the perinephric space to the blood vessels of the renal pedicle. It is 
present only in pcrincphritic abscess, carbuncle, and cortical abscess. 

Prognosis. Perinephritic abscess, particularly when associated with 
renal suppurations, is a grave condition. Untreated, these abscesses 
may rupture into the paranephric space and burrow down toward the 
groin or upward into the subdiaphragmatic space, or they may rupture 
posteriorly through the loin, or anteriorly into an adjacent loop of intes- 
tine. These extensive abscesses, once common, are now rarely seen. 

If drainage is instituted early, the patient’s chances of recovery with- 
out nephrectomy are good. Nephrectomy is sometimes necessary, how- 
ever, if the kidney is extensively involved. Frequently, in these cases, 
as previously noted, the patients recover after simple incision and drain- 
age, the cortical suppuration having already ruptured into tlie peri- 
nephrium. In general, the condition of a patient suffering from one of 
these abscesses is so grave that intervention upon the kidney, if neces- 
sary, must be deferred until the acute perinephritic condition has abated. 

Treatment. The only treatment is early incision and drainage, with 
general supportive measures to rid the patient of his staphylococcic 
infection. A complicating lesion of the renal cortex may require subse- 
quent nephrectomy or other surgery. 

Replacement Lipomatosis of the Kidney 

While lipoid nephrosis is a relatively common finding, fibrous and 
fatty replacement is decidedly unusual, and was, until comparatively 
recently, confused with true renal lipoma. Replacement lipomatosis is 
seen only in a diseased kidney, and consists in an infiltration of fat which 
invades the renal tissues by proliferation from within. The process 
usually extends from the hilum and pelvis toward the periphery, until 
the parenchyma, which has been destroyed or atrophied by some patho- 
logical process, is completely replaced by fatty or fibrous tissue. Thus 
fat replacement is not a disease of itself, but merely a reparative process 
following renal disease. 

The first mention of this condition in medical literature appears to be 
the account given by Baader, in 1778, of an autopsy finding of pyelo- 
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nephritis, with stone and fat infiltration of the kidney substance. Kutz- 
mann, in 1931, found records of but 32 cases, to which he added one of 
his own. Roth and Davidson found 70 cases up to 193S. This small 
number probably does not reflect the true incidence of the condition. 

Etiology and Pathology. We do not know why fat replacement occurs 
in some kidney diseases and not in others, nor are we aware of the exact 
process by which the transformation into fat takes place. Two etio- 
logical theories have been advanced. One is that chronic inflammatory 
processes in the kidney stimulate hyperplasia of the perirenal and peri- 



Fjc. 316 (1) Section of gross specimen showing a contracted iidney with replacement 
lipomatosis There is matted thinning of the cortical tissue (2) Lipoma of the renal 
capsule Gross specimen The lipomatous mass is adherent to the lateral l>order of the 
kidney. (Christeller.) 

pelvic fatty tissue, the fat cells then proliferating so as to enter the kid- 
ney through the capsule or hilum, with the result that the renal paren- 
chyma is eventually so overwhelmed as to become atrophied. The 
second theory attributes the renal atrophy to the action of some unidenti- 
fied destructive process, the invasion of proliferating fat being secondary 
to the renal injury and not its primary cause. 

Inasmuch as it has long been established that the kidney is remarkably 
resistant to the effects of pressure, as in the case of retroperitoneal tumors, 
which do not seriously affect it even when they attain considerable size, 
it is not reasonable to suppose that renal atrophy could be brought 
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about by the pressure of fat alone. The postulation of some slow inflam- 
matory process as the primary cause seems more plausible. The forma- 
tion of stone, which leads to infection (or is the result of it) and injures 
or even destroys the renal tissue, setting up eventual pyonephrosis, would 
seem to be a logical etiological factor. Kutzmann found stone in 79 
per cent of the cases he collected from the literature and from clinical 
experience. More recent writers, notably Roth and Davidson, place 
the incidence of renal stone in conjunction with fat replacement of the 
renal parenchyma at 76 per cent Whatever its cause, fat replacement 
is undoubtedly a reparative process, although of such a nature that the 
“repaired” kidney is permanently bereft of most or all of its functional 
ability. 

Symptoms and Diagnosis. Diagnosis has rarely been made before 
operation or autopsy. Apparently there are no symptoms which point 
definitely to this particular renal lesion. The recorded diagnoses con- 
tain many references to renal tuberculosis, and the fact that the atrophic 
process induced by fatty infiltration quite often performs autonephrec- 
tomy as completely as does tuberculosis would make such a diagnosis 
reasonable As long-standing infection had been previously recognized 
in all the kidneys affected with fat replacement, pyuria was always 
present and excited no especial notice. There may or may not be pain 
over the affected kidney; but if atrophy is advanced, there will be no 
pain whatever, and the bladder urine will be quite normal as the un- 
affected kidney will be doing the work of both sides. 

Pyelography is useful largely by negation. Atrophy is sometimes so 
complete that the contrast material cannot be injected by the retrograde 
method, and, of course, the functionless kidney will not excrete dyes 
introduced intravenously. The fact that the kidney cannot be out- 
lined by either method indicates that it is the seat of some very grave 
lesion, but there will be nothing to point specifically to fatty replace- 
ment of the renal parenchyma. 

Prognosis and Treatment. The prognosis for any return of renal 
function is hopeless, and the only effective treatment is nephrectomy. 

Specific Injections of the Kidney and Renal Pelvis 
(1) Renal Tuberculosis 

Of all the forms of urogenital tuberculosis, renal tuberculosis is con- 
sidered to be of the most importance. Its high clinical significance is 
due to the fact that it is of frequent occurrence, is common to both 
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sexes, is often bilateral, and, while occurring in all age periods, most 
frequently appears at the beginning of adult life, when the responsi- 
bilities of life work and parenthood are being assumed. 

Though considered separately here, renal tuberculosis — like tuber- 
culosis of the epididymis, prostate, seminal vesicle, or bladder — requires 
a consideration of the entire urogenital tract. Irrespective of where it 
starts, tuberculosis of any portion of the urogenital tract has a marked 
tendency to spread from one part to another and eventuall} r to involve 
the entire tract unless checked by early and proper surgical treatment. 
In these combined lesions it is frequently impossible to tell which of the 
urogenital lesions is primary, though it is generally believed that the 
infection most often starts in the kidney. It must also be remembered 
that tuberculosis is a constitutional disease, urogenital infection being 
only a local manifestation. 

Incidence. Statistics are difficult to obtain in regard to the incidence 
of renal tuberculosis. Kapsammer, in a careful study of 20,777 routine 
autopsies, found 191 cases of renal tuberculosis, or a little over 1 per 
cent; 67 of these were unilateral and 124 bilateral. Kuester found 
158 cases, or about 3 per cent, among 5,338 routine autopsies. Hobbs, 
in 1,000 autopsies on patients dying from pulmonary tuberculosis, found 
clinical evidence of renal tuberculosis in 16.2 per cent; microscopic 
tuberculosis was found in 32 per cent of a small series of kidneys from 
these cases. Caulk reported that 30 per cent of all surgical lesions of 
the kidney studied in his series were tuberculous. Approximately 30 
per cent of all nephrectomies performed at the Brady Foundation, of the 
New York Hospital, have been for tuberculosis. 

Etiology and Pathogenesis. Renal tuberculosis is practically always 
hematogenous in origin. The consensus of opinion today is that ascend- 
ing tuberculous infection by way of the ureter or lymphatics does not 
occur, and that tubercle bacilli reach the kidney through the blood 
stream. The primary focus is believed to be in the lungs, tonsils, or 
intestinal tract. The patient may be fortunate enough to develop satis- 
factory resistance, so that the primary lesions are completely cured or 
become quiescent; or the infection may progress in the primary area 
and its lymphatics until finally the tubercle bacilli invade the blood 
stream. If the invasion of the blood stream is massive, a generalized 
miliary tuberculosis results, in which the kidneys may participate. If 
the organisms enter the blood stream in showers, the phagocytic cells 
of the body may overcome them. Frequently, however, the tubercle 
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bacilli lodge in the bones, joints, or soft tissues of the body, setting up 
the secondary lesions of tuberculosis. In the meanwhile, the primary 
lesion in the lungs, tonsils, or intestines may have healed or become 
quiescent. If the patient’s general and local resistance is sufficient, the 
secondary lesion in the kidney (or elsewhere) may heal; otherwise, it 
progresses, with the eventual production of destructive tuberculous 
lesions. 

It is also possible for renal tuberculosis to be blood borne from a 
secondary lesion elsewhere (in a bone, joint, the liver, a urogenital organ 
etc.); or both the renal lesion and other secondary lesions may originate 
from the same primary focus in the lungs, tonsils, or intestinal tract. 

The pathogenesis of renal tuberculosis has been studied by Medlar 
and Sasano (1924), Eberbach (1927), Harris (1930), Band (1935), and 
others. It is now generally assumed that a bacilli-laden embolus is 
carried into the kidney in the blood stream and accidentally lodges in a 
glomerular capillary tuft. The bacilli are of low virulence and grow 
slowly, without completely obstructing the blood channel. The glom- 
erular focus may be walled off; or a few bacilli may reach the capsular 
space and multiply while being washed slowly along the proximal con- 
voluted tubule until they reach a favorable soil for growth in the thin 
arm of the medullary loop (Eberbach); or the bacilli may reach the 
medulla by way of the fine efferent glomerular capillaries (arteriolae 
rectae) which radiate into the medulla. It has also been suggested 
(Nitch, 1925) that the primary cortical lesion spreads to the medulla 
by the lymph stream. 

The initial glomerular lesion may heal, continue to grow slowly, or, if 
the bacilli are unusually virulent, may develop into the main lesion (rare). 
It has been suggested (Lieberthal) that the abundant vascular supply 
of the kidney, and the large caliber of its capillaries, give a peculiar 
immunity to the tubercle bacilli which may aid in the healing of these 
microscopic lesions. 

The medullary lesion usually grows relatively fast. Medlar believes 
that even these medullary lesions may heal; but frequently such a tuber- 
cle will spread and finally open into a renal tubule or papilla, discharging 
its contents into the renal pelvis. If the medullary lesion is near a calyx, 
clinical symptoms and secondary kidney infections are likely to appear 
early; if near the base of a pyramid, it may involve a substantial por- 
tion of the parenchyma before giving rise to pelvic infection. When the 
medullary lesion communicates with the kidney pelvis, the patient has 
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a clinical, destructive tuberculosis; and pathological evidence of the 
healing of such a lesion has not been reported (Chronic Renal Tuber- 
culosis, p. 1494). 

Opinions differ as to whether the initial lesions in the kidney are pre- 
dominately cortical or medullary. Ekehom states that lodgment of the 
tubercle bacilli usually occurs primarily in one of the pyramids. Eber- 
bach, who carefully studied the entire question of the pathogenesis of 
renal tuberculosis, contends that clinical and pathological observations 
indicate that highly virulent organisms attack the kidney cortex primarily 
and later may extend to the medulla, while the less pathogenic group 
meet with cortical resistance and only gain a foothold when they reach 
the medulla or pelvis, and that this is true of tubercle bacilli: highly 
virulent tubercle bacilli give rise to a miliary tuberculosis characterized 
by multiple cortical lesions, while markedly attenuated bacilli produce 
chronic medullary lesions. Medlar examined autopsy specimens of kid- 
neys from 30 patients who had died of pulmonary tuberculosis without 
manifesting clinically any renal involvement. Forty-four separate kid- 
neys were examined, and 367 definite tuberculous lesions found in them 
were studied by means of approximately 100,000 sections. Of these, 
277 (about 75 per cent) were in the cortex, 40 (11 per cent) were in the 
medulla, while 50 (13 per cent) were cortico-medullary. Only in the 
case of the smaller lesions was it’ possible to determine the precise point 
of origin. 

The smaller lesions were of two main types The most common of these types was 
of vascular origin within the capillary tuft of a glomerulus, within a capillary between 
the convoluted tubules, or within a capillar}’ between the collecting tubules in the 
pyramids. Of these points of origin the most common was within a glomerulus and 
the least common in a pyramid. In the earlier glomerular lesion several instances 
were found in which one half of the glomerulus was involved while the remainder 
was normal. The second t}pc of small lesion had its origin within the lumen of a 
tubule. These lesions were found with about equal frequency in the lower point of 
the loop of Ilenle and in the collecting tubules in the pyramid. They always sub- 
tended an ulcerating tuberculous lesion of some portion ol the Lidney substance. 

It appears that this type of lesion is always secondary to a vascular lesion which lifts 
developed to a point where destruction of tissue has supervened and tubercle bacilli 
have been discharged into the lumen of a tubule. 

The Question of Initial Bilateral Involvement. The chief stumbling- 
block to all who hold to the theory of blood-borne infection has always 
been the apparent predominance of unilateral renal tuberculosis. Many 
investigators, however, take the position that the infection in the begin- 
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ning is a bilateral implantation, but that the disease develops in only 
one kidney. Small cortical tuberculous infections are set up in both 
kidneys; these, however, do not always develop into destructive lesions, 
but are frequently overcome in the incipient stage, due to the abundant 
blood supply of the kidneys. One or both sides may heal spontaneously, 
or one or both may progress and produce the clinical forms of unilateral 
or bilateral renal tuberculosis respectively. 

Of the many disputed points concerning renal tuberculosis, none has 
been more discussed, pro and con, than this question as to whether, at 
the outset, one or both kidneys become infected. Van der Vuurst de 
Vries, in Belgium, contends that at the outset all renal tuberculosis is 
bilateral, adding, "In the greater number of cases one side is sponta- 
neously cured.” Band, in Scotland, found that in many cases where no 
symptoms had appeared during life to indicate that one kidney had 
shared in the tuberculous infection of its fellow, at autopsy small areas 
of tuberculous invasion could always be found in the kidney thought to 
be sound. Medlar states positively that bilateral infection is the rule. 

On the other hand, a number of equally competent observers hold that 
renal tuberculosis is unilateral from the onset. Hinman states: 

The assumption of initial bilaterality in all cases is unwarranted. There is no 
more reason to assume the infection of both kidneys, because the infection is blood- 
borne, than to assume that both knees must be infected, because one is, or both femurs 
or any other two similar parts of the body. Furthermore, staphylococcal renal 
infections, which are always hematogenous, are usually unilateral, even when acute 
and fulminating. 

Although the evidence thus far adduced seems to us to favor initial 
bilateral involvement, definite proof of such initial bilaterality in all 
cases is still wanting. 

Spontaneous Healing of Initial Lesion. Until fairly recently it was 
generally believed that every case of renal tuberculosis progressed to 
complete destruction, and that healing never took place except by auto- 
nephrectomy. 

Most observers are agreed that a chronic, destructive renal tuber- 
culosis probably never heals without complete renal destruction. 

As to the question of spontaneous healing of the early, symptoraless 
lesions/ opinions differ. Some investigators believe that all renal tuber- 
culosis is steadily progressive from the outset, and that healing never 
occurs. In common with many observers, however, we feel that the 
preclinical lesions may undergo spontaneous and comoletc cure under 
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certain circumstances — an idea advocated almost two decades ago by 
Chute. R. S. Harris contends that minute foci of tuberculosis may 
develop in the kidney but later undergo healing just as do tubercles in 
other tissues. “It would be extraordinary,” he argues, “were the kidney, 
of all the tissues in the body, the only one incapable of ever overcoming 
a tuberculous infection. . . . There is evidence that early, small lesions at 
least have a strong tendency to heal.” Braasch, of the Mayo Clinic, 
has put himself on record, as follows: “We formerly believed that renal 
tuberculosis never healed spontaneously. However, experimental and 
clinical evidence in recent years would lead us to believe that very early 
renal infection with tuberculosis, without necrosis or destruction of the 
kidney substance, might permit of spontaneous healing, providing the 
patient's resistance is great enough.” Thomas and Kinsella (1927), 
after a clinical and pathological study of sanatorium patients, came to 
the same conclusion. 

Medlar is of the opinion that, when tubercle bacilli reach the kidney 
of a highly resistant patient, instead of caseation taking place the bacilli 
wall be destroyed by a hyperplastic process. His previously mentioned 
postmortem examination of 30 patients, who died of advanced pulmonary 
tuberculosis without ever having had urinary symptoms, revealed renal 
tuberculosis in 22, with scars indicative of healing in 17. After casea- 
tion, a reparative process generally sets in, during which giant cells 
appear in large numbers; therefore, if such cells are detected, it is definite 
evidence that healing is taking place. Many types of lesions have been 
found in a single kidney. Mononuclear tubercles, tuberculous abscesses, 
areas of caseation, scarred areas infiltrated with lymphocytes and with 
one to many giant cells present, and scars devoid of lymphocytic or 
mononuclear leukocytic infiltration, have all been observed in one organ. 
The pathological processes found in such kidneys represent lesions of 
different age and severity, and the scars represent the healed stage in an 
area where the tubercle bacilli have been successfully overcome. In 5 
of the 30 cases studied, nothing but scars was found, which this author 
considered proof that under favorable conditions complete healing of 
renal tuberculosis does take place. 

Pathology. Two main groups of tuberculous renal lesions arc to be dis- 
tinguished : (1) medical lesions, which occur in connection with generalized 
miliary* tuberculosis; (2) surgical lesions, which may be subdivided into 
(a) predinical lesions, and (b) clinical lesions. 

Acute Miliary Tuberculosis (Medical Lesions). Miliary tubcrcu- 
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losis of the kidney occurs in connection with generalized miliary tuber- 
culosis, is almost always bilateral, is unbenefited by any type of surgical 
or medical treatment, and is usually fatal. Tubercles, 1 to 2 mm, in 
diameter, are generally scattered throughout the renal substance. Casea- 
tion and cavity-formation do not occur. There is a coexistent parenchym- 
atous nephritis. The urine contains tubercle bacilli, hut very little pus. 
The patient usually dies from generalized dissemination of the disease, or 
he may eventually die from uremia. In infants and children under S 
years of age, renal tuberculosis is more likely to be of this bilateral, 
medical, miliary type, and the younger the child, the more rapid is the 
dissemination of the disease and the poorer the prognosis. 

Preclintcal Lesions. The preclinical stage of renal tuberculosis is the 
initial, silent period from the time the first tubercle bacillus is implanted 
in the kidney until the involvement of the bladder gives rise to urinary 
symptoms. Tubercles are found in the cortex and medulla and do not 
communicate with the renal pelvis. It is now believed by many investi- 
gators that these initial, bilateral lesions often heal spontaneously with- 
out being discovered. Commonly, however, they progress (in one or 
both kidneys) into well-advanced destructive lesions before producing 
symptoms. 

Little that is definite is known regarding the pathological picture at 
this stage of the disease. The active stage may be brief, and the lesions 
so minute that they cannot be detected clinically. They produce no 
urinary symptoms, and neither the renal function tests nor the pyelo- 
grams show evidence of abnormality. Tubercle bacilli may be recovered 
from the urine at this silent stage, but the diagnosis is probably seldom 
made outside of sanatoria for tuberculosis, where urine examinations are 
made routinely on patients with no urinary symptoms. 

It has been indisputably shown that a tubercle bacilluria without pus 
frequently occurs in all iorms of extrarenal tuberculosis. Since it has 
been established that a normal kidney never filters tubercle bacilli (or 
other organisms) out of the blood into the urine, it is now generally 
believed that the existence of a tubercle bacilluria, with or without pus 
and blood, always indicates tuberculous changes in the renal parenchyma 
(Bump us, Medlar, Harris, Hinman, Greenberger, Thomas, etc.). Such 
experienced observers as Thomas and Kinsella assert positively that 
they have never failed to find tuberculous lesions in one or both kidneys 
when tubercle bacilli had appeared in thfe bladder previous to nephrec- 
tomy or autopsy. Medlar demonstrated by experimentation that pa- 
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tients suffering from tubercle bacilluria invariably presented tuberculous 
lesions — microscopic or otherwise — in the kidney. Others, notably Wild- 
bolz, maintain that a tubercle bacilluria may be excretory without there 
being any tuberculous changes in the kidney. 

Clinical Lesions ( Chronic Renal Tuberculosis). Chronic renal tuber- 
culosis may take various forms, which tend to merge one into another, 
so that there is seldom a clean-cut picture of pathological change. Active 
lesions of different age and severity, as well as healed lesions, may be 
observed in a single kidney. 

Clinical renal tuberculosis is much more often unilateral; but bilateral 
involvement is relatively common, the infection usually being more ex- 
tensive in one kidney than in the other. Much loss of function, due to 
destruction of renal tissue, is usually followed by compensatory enlarge- 
ment of the other kidney. 

The great majority of cases of renal tuberculosis are some form of 
caseocavernous tuberculosis. The focal lesions in the kidney tend to 
undergo caseation, forming a tuberculous abscess, which is closed or 
open — in the latter case communicating with the renal pelvis or a peri- 
nephritic abscess. These lesions may be multiple, and tissue destruction 
may rapidly progress to pyonephrosis. On the other hand, if the 
patient’s local and general resistance is good, a moderate-sized paren- 
chymal abscess or tuberculous area may be held in check for years. 
Such an area may be surrounded by sufficient connective tissue to pre- 
vent it, temporarily, from connecting with the calyces or pelvis, so that 
tubercle bacilli and pus cells cannot reach the urine. The lesion may 
be chiefly parenchymal, or it may involve mainly the renal pelvis and 
ureter. In the later stages there is marked lobulation and destruction 
of renal substance. 

There is a less common sclerolic form of renal tuberculosis, in which 
the organ does not show gross lesions when exposed, only its size being 
markedly reduced. Microscopic examination will show tubercle bacilli 
in the tissues, and the urinary tract lower down will give a typical picture 
of tuberculosis. 

Lieberthal postulates three definite stages in the spread of renal tuber- 
culosis, as follows: (1) in the first stage, metastatic tubercles appear in 
the renal substance. (2) In the second stage, a caseous ulcer appears 
on a renal papilla and a descending infection of the urinary mucous 
membrane follows. (3) In the third stage, an ascending reinfection of 
the previously uninvolved portions of the renal tissue ensues; in this 
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ascending reinfection the arterial system of the kidney plays a lead* 
ing role. 

The original medullary lesion is most often located close to the tip of 
a papilla, so that it early infiltrates the neighboring calyx. If the lesion 
originates deep in the renal parenchyma, at the base of a pyramid, it may 
attain a considerable size before reaching the pelvis by extension. The 


Fic. 31 (. Section of kidney showing long-standing tuberculosis. The multiple abscesses arc 
well w ailed off m nature's attempt to heal the lesion. 

chronic medullary lesion is secondary to an initial focus in the cortex, 
which itself may have healed. 

The caseous papillary ulcer is the first lesion in the course of a tuber- 
culous infection of the kidney which can be clinically diagnosed. A 
lesion embedded in the renal substance cannot discharge organisms into 
the urinary stream, so usually gives no evidence of its presence; but the 
papillary ulcer constitutes an open focus which soon discharges tubercle 
bacilli into the renal pelvis and down the ureter into the bladder. The 
caseous crater of such an ulcer provides an ideal nursery for more tubercle 
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bacilli. “The constant crumbling of the necrotic center,” says Lieber- 
thal, “leads to a prolonged dissemination of tubercle bacilli into the 
renal pelvis, as a result of which a descending infection of the urinary 
mucous membranes, as well as an ascending reinfection of the previously 
uninvolved areas of renal tissue, takes place.” 

A typical lesion in the epithelial layer of the mucous membrane appears 
first as an isolated, minute, yellowish tubercle, surrounded by a zone of 
deep, angry red. This lesion spreads by granulation, the granulations 
being typical of tuberculous processes everywhere: red-brown plaques 
the size of a pea or larger, over which yellow tubercles are scattered, the 
whole area appearing rough and loosened from the underlying tissue. 
The surrounding mucosa is normal in appearance. The ul cers are formed 
by the breaking down of these plaques by caseation of the tubercles within 
the granulations. The ragged sharp edges of the base are undermined, 
and the entire ulcer is covered with a grayish deposit. These ulcera- 
tions may be found anywhere in the kidney pelvis or its calyces. At 
first confined to the epithelial layer, the pathological process soon 
descends beneath the epithelium to the muscular layer. Edema, round- 
cell infiltration, and, eventually, induration of all the affected tissues 
occur. The tubercles break down and merge, and caseation becoming 
more sidespread, the entire affected area soon presents the appearance 
immediately recognizable as advanced renal tuberculosis — that is, 
dirty-gray in color and moth-eaten and ragged in outline. 

The deeper tuberculous cavities develop through the pressure of 
retained urine and the erosive process, which is continually augmented 
by tubercle bacilli that are carried from the centers of caseating ulcers 
already formed to lodge behind strictures due to contraction and indura- 
tion of scar tissue. When such stricture-formation has partially or 
entirely occluded the ureteral outlet, stagnation of infected urine will 
rapidly carry the invading organisms to any unaffected parts of the 
kidney, and previously immune renal papillae will soon be involved In 
the general destruction. Stagnant urine, confined by strictured lumina, 
induces further caseation and consolidation, until the entire interior 
becomes filled with a putty-like substance, or hardens down into a 
concrete-like mass. The kidney is reduced to a mere shell, showing 
scarcely any of its normal characteristics. The interior of the shell is 
subdivided into cavities for which greatly stretched columns of Bcrtin 
furnish thin-walled partitions. Such an organ falls an easy prey to 
secondary infection, and infected hydronephrosis or pyonephrosis com- 
pletes the pathological picture. 
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Side by side with the advance of the tuberculous process one may see 
healing lesions and mark nature’s attempts to repair the ravages of the 
invading organisms. The destructive elements slowly gain the upper 
hand, however, and though healing takes place at some points, new foci 
are constantly being set up, and the formation of scar tissue steadily 
lessens the functional ability of the kidney as a whole and thus accelerates 
its degeneration and final atrophy. 

Calcification is common in association with caseation. The entire 
kidney may be calcified, or there may be a single, dense area of calcifica- 



tion; but more commonly there will be single or multiple groups of scat- 
tered, small calcareous deposits. 

Other renal abnormalities, such as calculus, hydronephrosis, tumor, 
or polycystic disease, frequently coexist with tuberculosis. 

Perinephritis is a not uncommon complication of renal tuberculosis, 
and occurs when the tuberculous process involves the surface of the 
cortex and the fibrous capsule. The resulting adhesions, as many a 
surgeon has learned, add a decided element of difficulty to operative 
intervention on the tuberculous kidney. Perinephritic abscess also 
occurs with relative frequency. 

Ureteral and Vesical Involvement. Tuberculous involvement of the 
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corresponding ureter and the bladder is the rule once the medullary 
tubercle has ruptured into the renal pelvis. The ureter becomes dilated, 
and its walls thickened and hardened. Ordinarily, it is when infection 
has descended to the bladder, setting up a cystitis, that the patient comes 
to the urologist and the renal tuberculosis is discovered. Sometimes 
the disease halts at the calyces, without invading the pelvis; under these 
circumstances the kidney may be completely destroyed without pro- 
ducing infection of the lower urinary tract. Again, the ureter may be 
strictured early in the invasion, in which event the renal lesion may 
remain undetected because no urine, tuberculous or otherwise, can escape 
on that side and the opposite kidney will secrete normal urine into the 
bladder. The unaffected kidney will increase in size and output as it is 
compelled to assume the function of its diseased fellow. The ureter may 
also be occluded by caseous material. Occlusion of the ureter, by cal- 
cification or caseation, results in so-called aulonephrcclomy — complete 
destruction of the kidney by the disease. The final result will be either 
a pyonephrosis, or a “putty” kidney (in which the caseating process 
entirely replaces the renal parenchyma), or a completely calcified or 
atrophied kidney. Approximately 0.5 per cent of tuberculous kidneys 
undergo complete calcification (Gibson, 1935). 

The pathological changes in the bladder, in tuberculosis of the kidney, 
have been described under Diseases of the Bladder (p. 1026). Briefly: 
The bladder becomes infected and ulcerated, and a resulting interstitial 
cystitisdevelops, which causes contracture of the bladder and diminution 
of its capacity. As a result of this marked bladder involvement, the 
integrity of the opposite ureterovesical sphincter is partially lost, per- 
mitting urinary reflux up the health}' ureter and theimplantationof tubercle 
bacilli in the wall of the ureter or renal pelvis. Quite often a stricture is 
found to involve the lower portion of the opposite ureter, and a hydro- 
nephrosis develops in the previously healthy kidney. 

Symptoms. Although renal tuberculosis is occasionally fulminating, 
with severe initial symptoms, in the majority of cases the disease develops 
slowly. The early lesions produce no symptoms, and the disease is dis- 
covered accidentally in routine examinations by the finding of tubercle 
bacilli in the urine or suggestive changes in a pyelogram. 

Because of the insidiousness of the onset and the fact that the primary 
symptoms are not alarming, patients usually seek medical aid at a com- 
paratively late stage of the disease Symptoms have generally been 
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present for 6 months or more — frequently for many years. Many 
patients seen by the urologist have been treated for varying periods for 
cystitis. One of ours had had mild urinary symptoms and tubercle 
bacilli in his urine for 35 years before he came under our observation 

The chief symptoms of renal tuberculosis are: (1) frequency and 
urgency of urination, (2) pain when the bladder is emptied, and fre- 
quently (but not always) a constant, dull ache in the lumbar region, 
(3) pyuria, and (4) hematuria. 

Frequency of urination is the most common complaint, occurring in 
over 80 per cent of cases. There is often an associated urgency and 
pain in the bladder. These symptoms tend to increase in severity, and 
fail to respond to medical treatment. At first the frequency may occur 
only during the day, or solely at night, but eventually is present both 
day and night. It is usually due to tuberculous ulceration of the bladder, 
and indicates that the renal tuberculosis has been present for a long 
time. In some cases frequency may be due to a contracted bladder, or, 
in early cases without vesical involvement, to a tuberculous pyelitis 
Again, it may be due to polyuria, it being well known that the tuber- 
culous kidney often secretes large amounts of pale urine. 

Although bladder symptoms predominate as a rule, many patients 
describe their first symptom as a constant dull, aching pain, or feeling 
of heaviness, in the lumbar region of the affected side. In a few this is 
the only symptom. When renal tuberculosis is well advanced, there 
may be renal colic due to stricture or blockage of the ureter by caseous 
material or blood clots. 

Hematuria is important, and is sometimes the first symptom It 
may be either renal or vesical. A few drops of blood may be noted at 
the end of each urination, or the blood may be microscopic in amount, 
or it may be sufficient to give the urine a smoky appearance or even a 
mahogany color. Smoky urine is due to a combination of blood and pus 
cells emanating from an ulcerated area, and would thus appear only 
when the disease is well advanced. Periodic hemorrhages sometimes 
occur, the urine being cleaT in the intervals between attacks; this is 
probably more characteristic of relatively mild tuberculous processes 
than of severe and rapidly spreading infections. As a rule, copious 
bleeding docs not occur until ulceration is well advanced. 

The urine is usually acid and clear except when clouded by pus or 
blood cells. Albumin of pyogenic origin is regularly present. 
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Constitutional symptoms are frequently entirely lacking. Usually 
the more widespread the lesion and the longer the duration, the greater 
the likelihood of general symptoms. One of the first noticeable signs 
may be a diminution of strength and a tendency to tire easily, or a feeling 
of lassitude and a lack of initiative, or a gradual loss of weight. Other 
general symptoms occasionally complained of are chills and sweats, a 
slight daily fever, gastrointestinal disturbances, nervous irritability, 
and insomnia. 

Diagnosis. Preclinical Lesions. The ideal objective is, of course, 
the diagnosis of renal tuberculosis in the early stage, before there is ex- 
tensive destruction of renal tissue, or ureteral and vesical involvement. 
The diagnosis of the early, non-destructive lesion in renal tuberculosis is, 
however, always difficult and often impossible, and is probably seldom 
made outside of sanatoria for tuberculosis. Because they produce no 
symptoms, these preclinical lesions are rarely seen by the urologist. Such 
a lesion may heal, or may progress to a well-advanced destructive lesion 
before giving symptoms. During this silent stage, which may last for 
years, tubercle bacilli are frequently present in the urine. 

Gilbert J. Thomas believes that if all tubercular patients are subjected 
to a routine urinalysis every 3 months, with complete urological study 
if cellular elements are found in the urine, all lesions of renal tuberculosis 
may be discovered early and many arrested by conservative methods, or, 
if this is not possible, appropriate treatment may be instituted before 
there is involvement of the lower urinary tract. Such an examination 
should also be made if a patient between 16 and 40 years of age, without 
apparent tuberculosis, shows pus or unexplained albumin in the urine 
on routine examination. 

Neither renal function tests nor pyelograras are likely to be of value 
in the diagnosis of these early lesions. 

Clinical Renal Tuberculosis. When the advice of the urologist is 
sought, urinary symptoms are almost always present, indicating that the 
renal lesions are usually well advanced. 

Urologists differ considerably as to how much data is necessary to 
make a diagnosis and outline the treatment in a given case of renal 
tuberculosis. Since the diagnosis is often exceedingly difficult, and since 
it is essential to determine not only that renal tuberculosis exists, but 
whether it is unilateral or bilateral, and the extent to which destruction 
has occurred, we subject patients to a thorough routine examination and 
complete cystoscopy. Although the routine examination often indicates 
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the nature of the illness, a comprehensive idea of the lesion and how 
it should be treated cannot be gained until cystoscopic examination, 
pyelograms, and renal function tests of each kidney have been made. 
Pyelograms show the characteristic changes, indicate the extent of infec- 
tion, and frequently suggest, in a general manner, the function. The 
phenolsulphonphthalein tests and urea excretion from each kidney are 
valuable in appraising the renal function. Blood chemistry, especially 
urea nitrogen estimations, are helpful. The diagnosis is established 
primarily by the pyelographic findings, with evidence of decreased renal 
function in advanced cases. 

(1) History and Physical Examination. A carefully elicited history 
is of the greatest importance. It may be suggestive or entirely negative. 
The clinical renal tuberculosis seen by the urologist differs somewhat 
from that observed in a sanatorium for tuherculosis. Only a certain 
percentage of patients (from 20 to 40 per cent in various reported series) 
give a history or show evidence of any preexisting tuberculosis. Al- 
though renal infection is secondary to a focus elsewhere in the body, by 
the time the urologist is consulted the primary focus has often healed so 
completely that it cannot be detected by the customary physical and 
x-ray examinations. A history of antecedent or concurrent tuberculous 
disease elsewhere will, of course, be of great aid in leading to the correct 
diagnosis. 

The family history may also be helpful. 

The age of the patient has an important bearing. Well over half of 
the patients suffering from chronic renal tuberculosis, in any series of 
cases, are between the ages of 20 and 40 years. In our own series, 
approximately 70 per cent of these surgical tuberculous kidneys have 
occurred in patients of this age group, and this percentage coincides 
with the findings of most observers. It is now recognized that renal 
tuberculosis occurs in infants, children, and adolescents more frequently 
than has generally been believed. Of 4,698 cases of unilateral surgical 
renal tuberculosis reviewed by Mathe, 565 (12 per cent) occurred in 
patients aged 1 to 20 years; 20 cases (0.42 per cent) were in infants aged 
1 to 5 years, 51 cases (1.08 per cent) were in children 5 to 10 years, and 
494 cases (10.5 per cent) occurred in adolescents aged 10 to 20 years. 
The more widespread interest in urology in children, and the possibility 
of making routine urological studies of suspected cases due to the per- 
fecting of small-caliber child cystoscopes, is responsible for the increasing 
number of diagnoses of juvenile renal tuberculosis. 
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Although: renal tuberculosis shows no marked affinity for either sex, 
in most of the reported series there has been a slight predominance of 
male patients. In a series of 97 patients treated by nephrectomy in our 
clinic, 50 were males and 47 females (Henline, 1933). 

In a young patient of either sex, a history of frequency, nocturia, 
urgency, and polyuria, in the absence of other demonstrable causes, should 
make one suspect and search for tuberculosis, particularly if the voided 
specimen contains microscopic blood. Infants and children, as well as 
adults, suffering with chronic cystitis and persistent or relapsing pyuria, 
should be carefully examined for tuberculosis. 

Many of the patients seen by the urologist are healthy-looking in- 
dividuals, with no evidence of a generalized infection, either active or 
latent. In a series of 40 patients with bilateral renal tuberculosis, treated 
at the Brady Foundation, only 15, when first seen, had demonstrable 
tuberculous lesions elsewhere or gave a history of any previous signs of 
tuberculosis. Epididymitis had developed in 6 patients when first 
observed, and was found to be present eventually in 14 of the 21 male 
patients. A careful physical examination may reveal evidence of a 
healed tuberculous lesion or the presence of an active one, either of which 
should arouse suspicion, in a patient with urinary symptoms, that the 
patient may be suffering from renal tuberculosis. In males, a most 
careful examination of the genital tract should be made. Palpation of 
the epididymes, and rectal palpation of the prostate and seminal vesicles, 
may reveal nodulation of one or all of these organs. This physical 
examination must be supplemented with x-raying of the chest. 

(2) Urine Examination. Examination of the bladder urine should, 
and in practice regularly does, precede cystoscopic procedures, as in most 
cases it is the findings of such examination that lead one to suspect renal 
tuberculosis. The urine of a patient with renal tuberculosis practically 
always deviates from the normal. Usually it is highly acid. The patho- 
logical elements most frequently found are: pus, albumin, blood (gross or 
microscopic), and casts. A sterile pyuria in an acid urine is presumptive 
evidence of tuberculosis. The demonstration of tubercle bacilli in urine 
is a relatively simple matter, and the finding of organisms constitutes a 
positive diagnosis. Repeated examination of the bladder urine is, there 
fore, the most important preliminary' step of examination. Repeated 
interval examinations must be made in suspected cases because infected 
kidneys will transmit tubercle bacilli, pus cells, and blood cells into the 
urine intermittently, so that the urine may be negative one day and 
positive the next. 
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There are three chief methods of examining the urine for tubercle 
bacilli: 

(1) Acid-fast 'staining of the sediment of a 24-hour specimen, col- 
lected by a method which excludes the smegma bacillus, which also is 
acid-fast. Acid-fast organisms will then denote tuberculosis. (This 
is the most common and valuable method.) 

(2) Guinea-pig test. If no tubercle bacilli are found in the stained 
sediment, specimens are centrifuged and the sediment injected into 
a guinea-pig. If the guinea-pig test is positive, an attempt should 
again be made to isolate the organism from the urine. A single posi- 
tive guinea-pig test, alone, is not sufficient for a diagnosis. 

(3) Cultural identification of the tubercle bacillus in the urine. 
Cultural methods and guinea-pig inoculations are of about equal 
value in the identification of tubercle bacilli in specimens of urine. 
Cultures are less expensive and are done in less time, but require more 
technical skill. Cultures may be used to supplement guinea-pig inocu- 
lations when the stained sediment is negative. 

(3) Cystoscopic Examination. A complete cystoscopy is, we feel, 
necessary for the accurate diagnosis of renal tuberculosis and the out- 
lining of treatment. This includes a thorough examination of the 
bladder; catheterization of both ureters (when possible), with the collec- 
tion of urine specimens from the bladder and from each kidney for culture, 
urea estimation, microscopic examination, and guinea-pig inoculation; 
estimation of the function of each kidney by the phenolsulphonphthalein 
test; and the making of plain roentgenograms of the bladder, ureters, and 
kidneys with the x-ray ureteral catheters in position, followed by the 
making of bilateral pyelo-ureterograms. 

Inspection of the bladder frequently reveals findings which are so 
characteristic that the diagnosis of tuberculosis is self-evident (Tuber- 
culosis of the Bladder , p. 1028.) . The vesical changes secondary to renal 
tuberculosis vary from slight inflammatory changes around a ureteral 
orifice to extensive ulcerations, with or without contraction of the 
bladder. As a rule, extensive bladder tuberculosis means far-advanced 
renal disease. The lesions are most often seen around either or both 
ureteral orifices or on the trigone. In the earlier cases, there is merely 
a reddened, thickened area, with or without rigidity of the lips of the 
ureteral orifice. As the disease progresses, the redness deepens in hue 
and the normal glossy appearance changes to dullness. The lesions may 
extend about the bladder in the form of a diffuse inflammation, or as 
scattered, irregular areas of granulations. Ulceration subsequently en- 
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sues, with the development of typical shallow, irregular tuberculous 
ulcers. Tubercles may develop in the mucosa as minute yellowish spots 
surrounded by a hyperemic base. Widespread ulceration with infiltra- 
tion of the bladder wall results in a contracted bladder, with diminished 
vesical capacity. As a rule, the lesions are most marked about the 
ureteral orifice on the side of the renal tuberculosis. Many of these 
ureters become patulous (“golf-hole ureter”) owing to the extensive 
scar-tissue formation in the wall of the ureter. 

Badly inflamed or contracted bladders make cystoscopy difficult and 
painful. In such cases, thorough anesthetization is necessary, and it is 
sometimes advisable to employ spinal anesthesia. 

(4) Ureteral Catheterization. Ureteral catheterization should be done 
whenever possible, extra precautions being taken to avoid carrying in- 
fection into a previously sterile kidney. The bladder should be distended 
as little as possible, so as to avoid vesico-ureteral reflux. 

Catheterization of one or both ureters may be impossible, due to 
stricture of the ureter. Of 40 cases diagnosed as bilateral renal tuber- 
culosis in the Brady Foundation, it was impossible to catheterize either 
ureter in 14, and one ureter in 7 others (Henline, 1939). In such cases, 
reliance must be placed primarily on evidence from the intravenous 
urogram. (The 29 kidneys removed in this series were all proved to be 
tuberculous.) 

The proper collection and examination of separate specimens of urine 
(by microscopic study, guinea-pig test, and culture) are of particular 
importance in the diagnosis of renal tuberculosis. Pus in a ureteral, 
catheterized specimen of urine, with a positive report of tubercle bacilli, 
either by stain, guinea-pig test, or culture, constitutes a positive diagnosis 
of tuberculosis in the kidney from which the specimen came. Failure 
to demonstrate tubercle bacilli in the catheterized specimen is not, how- 
ever, conclusive proof of the absence of tuberculous infection, as tubercle 
bacilli appear in the urine intermittently. As a rule, pyuria is present on 
one side only, and the finding of organisms on both sides does not always 
indicate bilateral involvement. Only one kidney may be diseased, but 
a reflux up the normal ureter may contaminate the urinary specimen 
from the healthy kidney, and may mislead one into assuming that a 
bilateral renal tuberculosis exists. 

Finding tubercle bacilli in the catheterized specimen is of the greatest 
help in making a diagnosis, and we search diligently for them by stained 
smears and guinea-pig inoculations. However, we do not hesitate to 
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diagnose renal tuberculosis even though the organism has not been 
isolated from the urine. 

Renal function tests are valueless in the diagnosis of early renal tuber- 
culosis, with very slight destruction of tissue, but in the more advanced 
cases usually seen by the urologist they are helpful in deciding when 
surgery is indicated. Diminished renal function, as determined by the 
phenolsulphonphthalein test, the indigo-carmine test, urea estimation, 
or excretory urography, gives one an idea of the approximate destruction 
in the kidney. Tests of relative renal function are sometimes of great 
value in helping to decide whether a lesion is unilateral or bilateral when 
organisms are found in the urinary specimens from both sides. 

(5) Roentgenography. The plain roentgenogram is of little value except 
in the demonstration of old calcified lesions. Tuberculous shadows 
usually occur in multiple small, scattered clusters of varying density; 
but there may be a single small area, or several small, localized areas, or 
a large, irregular area involving most of the kidney. The ureter also 
may be calcified. 

Bilateral urograms are necessary before a complete diagnosis of the 
presence and extent of destructive lesions of tuberculosis can be made. 
Both excretory and retrograde pyelograms are often necessary. 

Excretory urography is a distinct aid in some cases, but cannot replace 
retrograde pyelography. It gives considerable information regarding 
the function of each kidney, and is helpful in outlining the renal pelvis, 
but the pelvic outline obtained by this method is not so distinct as that 
obtained by retrograde pyelography. The early or small destructive 
lesions of renal tuberculosis, which are outlined in the retrograde pyelo- 
gram, are not visualized in the excretory urogram . Excretory urography 
is most useful when it is impossible to cystoscope a patient or to cathe- 
terize either ureter. In these cases urography would otherwise be im- 
possible. 

Bilateral retrograde pyelo-urelerograms should be obtained routinely 
if the ureters can be catheterized. The practice of making bilateral 
pyelo-urelerograms in renal tuberculosis has been criticized on the ground 
that backflow readily occurs and organisms might be disseminated by 
the blood stream and produce a generalized tuberculosis. In common 
with many other urologists, we have made innumerable bilateral pyelo- 
grams in renal tuberculosis without evidence of miliar)’ infection, menin- 
gitis, or other ill effects. 

Gilbert J. Thomas and his co-workers, who have more opportunity 
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of observing the earlier lesions of renal tuberculosis than the average 
urologist, state: 

We know of no method of examination that will reveal the tiny macroscopic 
ulcerative or destructive lesions of tuberculosis in the kidney parenchyma as con- 
stantly as the pyelogram. By this method we have been able to demonstrate small 
ulcerative lesions and parenchymal abscesses when a specimen of urine from the 
same kidney did not reveal bacilli of tuberculosis. . . . The lesions of renal tuberculo- 
sis that may be demonstrated in a well-filled retrograde pyelogram arc the ulcerative 
lesions, parenchymal abscess, and tuberculous pyonephrosis. These can be differ- 
entiated only by well-filled retrograde pyclograms, which will visualize any de- 
formity of the kidney pelvis or parenchyma. 

In our own practice, we have come to rely for diagnosis primarily upon 
the pyelographic findings, with evidence of marked diminution in func- 
tion in advanced cases (Roentgenography of the Genito-Urinary Tract, 
Renal Tuberculosis, p. 154). The early calyceal or papillary ulcer 
appears in the pyelogram as a small moth-eaten area in the border of a 
minor calyx. Two common types of advanced renal tuberculosis may 
be diagnosed by the pyelogram. The first appears as a large, dilated, 
irregular renal pelvis and ureter. This type of tuberculous kidney 
usually has very poor function and is the end-result of a long-standing, 
continuously destructive process in a patient with little or no resistance 
against the disease. The second type is characterized by shagginess and 
irregularity of the major and minor calyces, without much increase in 
the size of the renal pelvis, often with calcifications in the kidney sub- 
stance, and a small, irregular, beaded ureter. This latter group includes 
those cases which show a tendency toward healing, and usually has a 
better resistance to the tuberculous infection. When there is closed 
ulceration or caseation in the parenchyma, tuberculosis may be advanced 
yet manifest no pelvic deformity. 

Prognosis. It is generally felt that the prognosis in cases of unilateral 
tuberculosis that have been subjected to nephrectomy is good; while in 
cases of bilateral disease, and of unilateral lesions treated medically, the 
outlook is uniformly poor, although the expectation of life may be for 
many years In recent years, however, there have been reported many 
cases that have been diagnosed as bilateral renal tuberculosis in which 
the patients have been either much improved or clinically “cured” by 
the use of surgery. In our own practice, many patients with bilateral 
lesions, who formerly would have been considered hopeless, have been 
definitely benefited and their lives prolonged by combined surgical and 
medical treatment Tuberculosis is among the most unpredictable of 
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diseases, and apparently “hopeless” cases with bilateral lesions often 
live a surprisingly long time even under medical treatment alone. How- 
ever, from the standpoint of mortality and longevity the nephrectomized 
patient has, we feel, a decided advantage in both unilateral tuberculosis 
and those cases of bilateral involvement where one kidney is destroyed 
and the other one slightly infected. 

Much depends upon the individual patient's powers of resistance. 
In general, the patient with unilateral renal tuberculosis, who has the 
diseased kidney removed before there is serious involvement of the 
bladder, has a much better end-result than the patient in whom the 
diagnosis is made late and the bladder tuberculosis is extensive. How- 
ever, even advanced lesions in the bladder frequently heal under medical 
treatment, once the infectious focus in the kidney has been removed. 
If active pulmonary tuberculosis also is present, the outlook will natu- 
rally be less favorable than when there is hope that removal of the 
diseased kidney will eliminate the chief source of infection. 

Treatment. Preclinical Tuberculosis. Unilateral or bilateral non- 
destructive renal tuberculosis — the so-called preclinical lesions — should 
be treated medically When tubercle bacilli are found in the urine from 
one or both kidneys, but there is no urographic evidence of renal destruc- 
tion and no demonstrable change in the comparative function of each 
kidney, the patient should have the benefit of careful medical care in 
the hope that the kidney will heal. If, during medical treatment, a 
destructive lesion supervenes— as manifested by pyuria, marked diminu- 
tion of function, or urographic evidence of renal destruction — surgical 
measures become necessary. These early, symptomless lesions, as 
already noted, are likely to go unrecognized except in sanatoria for the 
treatment of tuberculosis, where patients undergo periodic urinalysis 
along with other tests. They are seldom encountered in private practice, 
as patients seek medical aid only when definite symptoms have appeared. 

Clinical Tuberculosis. In the selection of treatment, the first considera- 
tion is whether the tuberculous process is limited to the urinary tract, or 
whether active tuberculosis is also present in other organs of the body, 
usually the lungs. If the kidney lesions are a late complication of an 
active pulmonary tuberculosis which is progressing through the body, 
the prognosis is grave and the debility is such that surgery is contrain- 
dicated. These patients are best treated in sanatoria for tuberculosis. 

When the active tuberculosis is limited to the gemto-urinary tract, the 
paramount considerations are (1) whether the renal lesions are unilateral 
or bilateral, and (2) the extent of the disease in the kidney or kidneys. 



1508 


CLINICAL UROLOGY 


(1) Unilateral Lesions. The treatment of choice in unilateral chronic 
tuberculosis, with clearly evident destruction of the kidney or pyonephro- 
sis, is nephrectomy followed by proper medical treatment. As much of 
the ureter as possible should be removed through the nephrectomy wound. 
If, however, the ureter is grossly infected throughout its length, a com- 
plete nephro-ureterectomy should be done, if the patient’s general condi- 
tion warrants it; or a secondary ureterectomy should be performed later. 
The prognosis in cases thus treated is good, unless there is very extensive 
involvement of the bladder. 

Formerly it was rather generally believed that even slight unilateral 
lesions were best treated by nephrectomy, but the present tendency is to 
treat by medical measures patients with early unilateral lesions and 
little evidence of kidney destruction. 

Although nephrectomy for tuberculosis is rarely an emergency opera- 
tion, it is our practice to remove the offending organ as soon as possible, 
unless the patient’s general condition contraindicates surgery. Even 
in the presence of an active pulmonary tuberculosis, or activity of tuber- 
culosis elsewhere, it may be advisable to remove the kidney. A destruc- 
tive, infected, caseous lesion serves as a focus of infection. Prompt 
removal of this focus may enable the patient better to control his other 
lesions, if any are present, and may prevent the dissemination of the 
toxins or tubercle bacilli from this area. Failure to remove, or delayed 
removal of, a unilateral destructive lesion may result in the hematogenous 
ronveyance of tubercle bacilli to the opposite kidney, or the development 
of toxic nephritis and nephrosis. Marked bladder involvement may 
permit a reflux up the healthy ureter, which, in turn, becomes infected. 
In order that these sequelae may be prevented, if possible, rve remove 
the partially or completely destroyed organ as soon as possible after the 
diagnosis has been made. 

Occlusion of the ureter by caseation or calcification is of fairly common 
occurrence in renal tuberculosis. It has been our personal observation 
that in practically every instance of so-called autonephrectomy, where 
the kidney was subsequently removed, examination showed the tuber- 
culous process to be still active, even though the ureter was completely 
occluded. Although the renal lesion may be closed off from the bladder, 
it usually remains pathologically active, and, being a focus of infection 
and a hazard to the patient’s future health, should be removed. 

(2) Bilateral Lesions. In recent years a much larger percentage of bt- 
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lateral infections has been discovered. In the majority of cases there 
is one badly destroyed kidney, while the other is only slightly infected. 

Competent urological opinion is divided concerning the treatment of 
these cases. One group believes that the patient with bilateral chronic 
renal tuberculosis is best treated by medical means, and that surgical 
treatment is contraindicated except under special circumstances, such as 
uncontrollable hemorrhage from one kidney, severe pain, or obstruction 
of one ureter, resulting in the production of a closed tuberculous 
abscess. 

Others advocate the removal of a completely or partly destroyed kid- 
ney, when the other is only slightly infected, in the belief that the patient 
should be given every chance by removing an infectious focus which can 
only be a liability in his efforts to build up his bodily defences. With 
this latter group we are in accord. The finding of a definitely destroyed 
tuberculous kidney on one side and a functionally efficient mate is evi- 
dence enough, we believe, for removal of the destroyed kidney. The 
mortality in bilateral lesions that do not have the benefit of surgery is 
very high. Removal of the badly infected kidney has frequently pro- 
vided a starting-point for postoperative treatment that has arrested the 
disease in the remaining kidney. 

In general, when the pyelogram shows a destructive tuberculous lesion 
in one kidney (particularly if the function be markedly diminished), and 
the opposite kidney shows satisfactory function and slight or no uro- 
graphic evidence of disease, we remove the badly infected kidney at once, 
even though some tubercle bacilli may be found in the urine from the 
opposite organ. To delay the removal of such a lesion, while repeated 
search for tubercle bacilli from a functionally and pyelographically normal 
contralateral kidney is being made, seems to us unjustified. In these 
bilateral cases, where surgery is considered advisable, supplementary 
medical treatment is more efficacious after the infectious focus has been 
removed. 

Not all patients with bilateral renal tuberculosis should be subjected 
to operation. In the presence of bilateral non-destructive lesions, sur- 
gery’ is not indicated (Preclinical Lesions, p. 1493). Medical treatment 
is also indicated when the bilateral lesions are of equal severity, as proved 
by urograms and functional tests, or when the function of the less diseased 
kidney is markedly decreased or insufficient to carry on life. 

Occasionally a patient is seen with bilateral areas of calcification and 
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a fibrotic form of tuberculosis. These calcifications and the lack of 
evidence of destructive caseation and infection indicate that nature has 
already attempted to heal the infection and that the patient’s resistance 
is good. These patients may go for years under medical care, with little 
progression of the disease. Surgery is not indicated. 

Neplrostcmy is sometimes done ■when there is bilateral infection, but 
we advise against this procedure under ordinary circumstances. 

Drainage of a tuberculous hydronephrosis is rarely indicated. The 
resulting fistula never heals, and the operation— except as a life-saving 
measure — should be discarded. If the other kidney will sustain life, a 
hydronephrotic tuberculous kidney should be removed. 

Treatment of Associated Pcrinephrilic Abscess. The treatment of a 
perinephritic abscess occurring in association with unilateral or bilateral 
renal tuberculosis is immediate surgical drainage. If the patient’s 
general condition is poor, only incision and drainage ol the abscess should 
be done. The performance of nephrectomy under such circumstances 
is attended by considerable risk. 

Postoperative Care. We have no justification for ever calling renal 
tuberculosis “cured ” Although many patients, following nephrectomy, 
are able to return to their regular occupations and modes of life, all writers 
are emphatic regarding the need of continued observation of these 
supposedly “cured” cases. 

Medical care, sometimes over a period of many years, is indispensable 
in the postoperative care of renal tuberculosis, as well as in the treatment 
of patients suffering from bilateral inoperable tuberculosis, and should 
be carried out by one thoroughly familiar with this work. This phase of 
treatment has been considered at length under Treatment of Inoperable 
and Postoperative Urogenital Tuberculosis (p. 1196). 

Postoperative Complications. Pain in the Remaining Kidney. Pain 
in the remaining kidney, following nephrectomy, is a distressing symp- 
tom in many patients. This probably is due to the compensatory hyper- 
trophy and increased blood supply to this kidney, with resultant tension 
of the renal capsule. Pain may also be related to obstruction due to a 
ureteral stricture. Dilatations of the ureter of the remaining kidney may 
relieve renal pain, or decrease the signs of infection by affording better 
drainage. 

Delayed Wound Healing. A lumbar sinus is present on leaving the 
hospital in a majority of the cases. These usually heal fairly promptly 
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with medical care. Some of these wounds, however, remain open and 
discharge for years, more or less incapacitating the patient. 

The exact cause or causes of these persistent sinuses and disturbances 
in wound healing has not as yet been determined. They are usually 
attributed to (1) gross contamination of the wound by spilling of pus 
containing tubercle bacilli at the time of nephrectomy, (2) residual 
tuberculosis in the remaining capsule or ureter, or (3) actual tuberculous 
nodules in the region of the pedicle. Beer believes that the essential 
underlying causation is a traumatic bacteriemia induced by the operator, 
which leads to a deposition of tubercle bacilli in the vascular muscle 
wound and in the traumatized deeper tissues. 

Diffuse Miliary Tuberculosis; Tuberculous Meningitis. Diffuse mil- 
iary tuberculosis, pulmonary tuberculosis, and tuberculous meningitis 
not infrequently develop as terminal stages in patients with renal tuber- 
culosis. These lesions occur with about equal frequency in all tuber- 
culous patients. Death from these causes may occur soon after surgical 
or diagnostic procedures on the urogenital tract, or months or even years 
later. When these manifestations occur immediately after such pro- 
cedures, death is often attributed to trauma incidental to urogenital 
manipulations. It is our belief that urological surgical and diagnostic 
procedures seldom cause dissemination of tuberculosis, or hasten the 
fatal outcome, when reasonable care is taken and inhalation anesthesia 
avoided. 

Henline and Bray (1938) carefully reviewed the literature regarding 
the cause of death (immediate and remote) in patients who have had 
renal surgery for tuberculosis, and also studied 25 cases from the Brady 
Foundation, in which the patients had had nephrectomy and had sub- 
sequently died, after periods varying from several weeks to many years. 
They concluded that, while patients who have had nephrectomy for 
renal tuberculosis quite frequently develop miliary, pulmonary, or 
generalized tuberculosis, and occasional^ tuberculous meningitis, it is 
probable that death in these cases results from the gradual progression 
of the tuberculous infection, and that the surgical and diagnostic pro- 
cedures have little or no influence in the development or acceleration of 
these terminal stages of the disease. Patients seek medical advice be- 
cause their urinary symptoms are becoming more exaggerated, and it is 
probable that the increasing severity of the symptoms is a manifestation 
of a progressive tuberculous infection in the presence of a lowered general 
resistance. 



1512 


CLINICAL UROLOGY 


(2) Gonorrhea 

Incidence. Gonococcal pyelonephritis is very uncommon. Simmons, 
in a careful review of the literature in 1922, found only 24 cases of proved 
gonococcal infection of the kidney on record. Birkhaug and Par low, in 
1928, collected 33 cases, all but 5 of which they regarded as doubtful 
because of the absence of fermentation and serological tests. 

Inasmuch as gonococcal infection is exceedingly common, and renal 
and ureteral gonorrhea very rare, it is reasonable to assume that the type 
of epithelium lining the ureter and kidney pelvis is unfavorable to the 
growth of the gonococcus, which shows marked preference for columnar 
epithelium. 

Etiology. As with other forms of renal infection, gonococcal pyelo- 
nephritis is probably blood-bome in most cases. However, the possi- 
bility of carrying infection from below upward at the time of ureteral 
catheterization cannot be disregarded, and such transmittance must 
always be rigidly guarded against. 

Diagnosis. The clinical picture is similar to that of pyelonephritis 
due to other organisms. A history of gonorrhea previous to the appear- 
ance of symptoms pointing to renal infection is suggestive. 

The diagnosis rests upon the demonstration of a Gram-negative intra- 
cellular diplococcus in the catheterized specimen of urine from the 
affected kidney, plus positive identification by serological or fermentation 
reactions. Mixed infections are common. 

Treatment. The treatment is ureteral catheterization and renal pelvic 
lavage, with eradication of the infection from the rest of the urinary tract. 
The oral administration of the sulfonamides and other measures ad- 
vocated for the cure of gonorrhea and its complications are described 
under Gonorrhea, Treatment (p. 717). 

Extensive pyonephrosis may make nephrectomy necessary. 

(3) Syphilis of She Kidney 

There is a general impression that syphilis of the kidney is of decidedly 
infrequent occurrence. Reports of cases arc seldom encountered in 
present-day medical literature, and text-books barely mention the sub- 
ject. There is more than a probability, however, that syphilitic nephritis 
is not so much rare as unrecognized. 

Pathology.- Involvement of the kidney in the early stage of the 
general infection— that is, during the first year— takes the form of an 
acute nephritis, the clinical picture of which is usually sufficiently char- 



INJURIES AND DISEASES OF KIDNEY 


1513 


acteristic to lead an experienced observer to apply the regular biochemical 
tests which will demonstrate the luetic nature of the nephritis even if 
there have been no other indications of a syphilitic infection. Most of 
these patients, however, are first seen by general practitioners, who 
ordinarily are not trained in the fine points of syphilitic diagnosis and 
are, therefore, unlikely to have these tests applied to a patient who 
apparently is suffering from some non-specific form of renal inflammation. 
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The syphilitic nature of the subacute or chronic nephritis occurring 
during the later stages of the disease may easily escape detection even by 
an expert, unless other evidences of tertiary syphilis also are present. 

Dowling (1927) has said that when one considers the majrch of events 
in syphilis, it is not surprising that the response to the infection of a 
particular organ or tissue is generally more or less explosive In character 
in the early period, with a tendency to spontaneous resolution, and, on 
the contrary, more sluggish in the later stages, with little or no tendency 
to recovery without treatment. One would expect, therefore, an acute 
nephritis of comparatively short duration in the early stage, and in the 
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later stages a subacute or chronic type which, untreated, would run a 
chronic course — and this, as a rule, has been the actual sequence of events 
in most of the reported cases. 

In the initial stage of the systemic infection, for a few weeks subsequent 
to the appearance of the primary’ lesion the invaded tissues develop a 
high degree of sensitivity, and set up the best resistance possible to this 
unaccustomed irritation. The secondary manifestations represent a 
“culminating explosive reaction” of the extra-sensitive tissues, the result 
of which is the destruction of large numbers of spirochetes, which soon 
gives a false semblance of having overcome the spirochetal invasion 
entirely. Syphilologists maintain that once the secondary stage is 
passed, no further invasion of spirochetes takes place. Tertiary mani- 
festations are caused by a renewal of spirochetal activity — the organisms, 
which have lain quiescent after their escape from the wide mortality' of 
their fellows, now emerging to renew the attack upon the tissues, but this 
time producing a reaction of a different quality. Any tertiary' syphilitic 
lesion is much more difficult to cure than one properly* treated in the 
initial or secondary stage. The skin lesions of the early stages, for 
example, though violent, are easily controlled; while the gummas which 
appear in the tertiary* stage are often highly resistant and of a much 
graver import. In the kidney, the lighting up of a dormant infection in 
the later stage of the disease evokes a less explosive response than is seen 
in nephritic involvement occurring earlier in the disease. The renal 
infection becomes a chronic process, running a protracted course. 

Symptoms and Diagnosis. Two characteristics distinguish syphilitic 
nephritis occurring in the secondary stage of the disease from the more 
common forms of nephritis: (1) the immense amount of albumin present 
in the urine, and (2) the rapid onset and early tendency to uremia. 
Backache and the edema of the extremities follow the usual rule, being 
prominent in some cases and mild or absent in others. The diagnosis 
would be suggested by a definite history of a primary* luetic infection, the 
appearance of nephritis at, or just before, the setting in of other second- 
ary manifestations of the infection, and the elimination of other causal 
factors Besides the albumin, the urine will contain an abundance of 
casts— epithelial, granular, and waxy — together with a sprinkling of fat 
droplets. A feature that distinguishes syphilitic nephritis from other 
forms is that, notwithstanding the marked albuminuria, renal perme- 
ability shows little, if any, impairment. The phenolsulphonphthalein 
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test usually gives practically normal returns, even when clinical signs 
point to extensive renal impairment. 

The symptoms of syphilitic nephritis occurring in the tertiary stage of 
the disease are much less positive. Many cases of chronic syphilitic 
nephritis are probably never diagnosed because other tertiary' lesions are 
concurrently present with symptoms so much more striking that when 
the nephritis yields to treatment its true nature is never suspected. The 
majority of chronic syphilitic kidney infections are discovered by chance. 
The urologist, or possibly the family doctor, treating the patient for a 
renal complaint, either observes clinical evidences of syphilis or has a 
Wassermann test done as a routine procedure, and, after eliminating 
other possible causes, is led to the conclusion that the nephritis he is 
dealing with has a luetic origin. A patient seen by Dowling had suffered 
from “chronic Bright’s disease” for 5 years before a tertiary syphilitic 
ulceration of the soft palate appeared, and the possibly luetic nature of 
the nephritis %vas for the first time suspected. Sometimes the patient 
presents himself with a moderate albuminuria and an occasional shower 
of casts— discovered, as a rule, when he applied for life insurance. When 
no other cause for the albuminuria can be found, a carefully elicited his- 
tory' may reveal facts suggestive of a syphilitic infection in the past for 
which no adequate treatment was ever received, and a Wassermann test 
upon the blood or spinal fluid may confirm the suspicion. 

Chronic syphilitic nephritis runs a protracted course, with no tendency 
to spontaneous resolution and with little or no tendency to improve when 
the patient is placed under the ordinary treatment for nephritis. The 
albuminuria is less marked than in the acute nephritis of the earlier 
stages of syphilis. The course of the disease is relatively benign, in that 
vascular changes either do not occur at all or make their appearance very 
late, for in spite of the urinary' symptoms, the blood pressure remains 
normal or but a trifle elevated — an important differential point. The 
condition is almost always bilateral. 

The diagnosis, therefore, is based upon the history, thorough physical 
examination, the Wassermann test, cystoscopy, and, in certain cases, 
the therapeutic test. If physical examination reveals no foci of infection 
or other probable cause of the renal disease, and if the blood pressure is 
within normal limits, and blood chemistry' tests show no marked path- 
ological changes, and the blood Wassermann is consistently negative, 
recourse should be had to a Wassermann test upon the spinal fluid. It 
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should be emphasized, however, that a strongly positive reaction may 
take place in an individual suffering from nephritis which is definitely 
known to be due to factors other than syphilis. 

The most striking feature of syphilitic nephritis is the almost magical 
response to anti-luetic treatment. Very cautious application of the 
therapeutic test is, therefore, probably the surest means of diagnosis in 
suspicious cases. 

Prognosis. The outlook for the patient suffering from syphilitic 
nephritis is, on the whole, better than that of one whose nephritis is due 
to other etiological factors. Under appropriate treatment, even cases 
of fairly long standing clear up rapidly. An extensively destroyed kid- 
ney can not, of course, regain its original anatomical integrity. 

Treatment. If the luetic nature of the kidney infection is promptly 
recognized, vigorous anti-syphilitic treatment can be applied without 
delay. However, the well-known evil effects of heavy metals upon renal 
tissue make most therapists hesitant about prescribing standard measures 
for the control of syphilis. The only possible means of finding out 
whether anti-luetic treatment will be beneficial or injurious is to try it. 
Therefore, in suspected but not positively diagnosed cases, the anti- 
luetic treatment should be very cautiously applied, and if good results 
accrue— confirming the therapeutic test— the treatment can be pushed 
to the limits of tolerance. Careful observation is perhaps more essential 
in renal syphilis than in any other form. The treatment should prefer- 
ably be in the hands of both urologist and syphilologist. 

(4) Bacillus Typhosus Infection of the Kidney 

The typhoid bacillus, though normally propagating in the intestinal 
tract, may be carried by the blood stream to almost any part of the body, 
including the kidneys. Pjniria in typhoid fever was reported upon from 
Johns Hopkins University as far back as 1895, but it was not until 1925 
that Patch directed the attention of urologists to the relative frequency 
of typhoid pyelonephritis and the serious menace to the health of the 
community presented by the ‘‘carriers*’ of typhoid-infected urine. 

About this same time Kirwin, working in a Southern clinic, frequently 
isolated the typhoid bacillus in making routine urinalyses. The close 
resemblance of this infective agent to the colon bacillus makes differential 
diagnosis especially difficult, because the colon bacillus is the most fre- 
quent cause of pyelonephritis and, unless special attention is paid to 
staining and other means of bacteriological test, the presence of typhoid 
in the kidney will not be discovered. 
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With steady progress in the control and elimination of enteric typhoid, 
the incidence of renal typhoid is bound also to decline. However, it is 
still seen often enough to make its recognition of importance in the 
differential diagnosis of kidney infections. 

Pathology. Typhoid infection of the kidney may be primary, or it 
may be secondary to the enteric form of the disease. Only a few cases 
of infection limited solely to the kidney are on record — the latest being 
that reported by Reimann in 1938. 

The lesions most often found in typhoid kidney are acute bilateral 
cortical and interlobular areas of suppuration, with pyelitis, ureteritis, 
cystitis, and, sometimes, perinephritic abscess. The condition may 
progress to a chronic pyonephrosis of one or both kidneys. It may well 
be that some of the supposed bladder infections with Bacillus typhosus 
are actually secondary to a focus in the kidney. 

Symptoms and Diagnosis. The diagnosis is established by the finding 
of typhoid bacilli in the urine. 

When the infection is limited to the kidneys, the symptoms may be 
entirely misleading, since they do not differ from those of other types of 
pyelonephritis. If the urine is examined promptly, the presence of the 
bacilli will be detected, if the examination is properly carried out, and 
the true nature of the infection thus determined. All the earlier recorded 
cases were autopsy findings, and it is only in comparatively recent years 
that efforts have been made to demonstrate renal infection apart from 
systemic invasion. Sometimes when a diagnosis of pyonephrosis has 
been made, operation will show that the organism responsible for the 
collection of pus in the kidney is the Bacillus typhosus. 

Treatment. In general, the same therapy is employed as for other 
types of bacillary invasion of the kidney, although the profound prostra- 
tion of the typhoid-fever patient adds a hazard to the use of some drugs 
which would be useful in other types of pyelonephritis. Suppuration 
and abscess-formation call for drainage or, if extensive, for nephrectomy'. 

(5) Gas Bacillus Infection of the Kidney 

Gas bacillus infection of the kidney is rare, if the paucity of case 
reports is an adequate criterion; but its serious import, when it does 
occur, warrants calling special attention to the importance of early 
recognition and treatment. 

Historical. The first case to be reported appears to be that of Goebel 
(1895), in connection with a pyelonephritis. Subsequently, cases were 
reported by Williams (1896), in connection with a suppurative pyelitis; 
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Kelly and McCallum (1898) and Doering (1907), in connection with 
pyonephrosis, and Weintrob and Messeloff (1927), in renal sarcoma. In 
1928, Ferrierand Bliss published a most interesting account of the finding 
of B. aerogenes capsulatus in the center of a renal calculus in a patient 
who developed gas gangrene of the operative wound. Three cases were 
reported from abroad by Knapper (1929), Howald (1930), and Meyer 
(1932). 

Rathbun (1931), in his report of heminephrectomy of the left half of a 
horseshoe kidney, provided an instructive account of the complications 
of renal surgery which this organism is capable of setting up. In 1934, 
B. W. Turner reported 2 cases, One following nephrotomy for stone and 
the other following nephrectomy for renal stone with cortical abscesses. 
In the same year a case of gas bacillus infection following induced abor- 
tion, eventuating in uremic nephritis, was presented in Paris by Harvicr, 
el al. Mencher and Leiter (1938) reported 7 cases from Mount Sinai 
Hospital (New York); these followed operations upon the kidney or 
ureter for tuberculosis (3 cases), renal or ureteral calculus (4 cases), renal 
neoplasm (1 case), and renal cyst (1 case). 

To these 20 cases collected from the literature we would add a recent 
personal case, which shows the rapidity with which the infection spreads 
and the necessity of prompt recognition and treatment. 

XV ] S., male, aged 46 years, had a nephrotomy for the removal of a large stag- 
horn calculus The operation was done in the usual manner, without any complica- 
tions, bleeding being controlled by ribbon gut. The peritoneum was not opened. 

On the day of operation he had a chill and his temperature rose to 104 degrees by 
rectum The following day his rectal temperature was 106.2. Blood culture was 
negative On the second postoperative day he was given a blood transfusion. 

When examined at about 4 pm. on the second postoperative day, there was 
edema of the scrotum with a normal appearing wound and slight drainage around the 
nephrotomy lube Examination at 7 p.m. showed a large, gangrenous area of the 
scrotum, with swelling at the site of the wound, extending below’ the iliac crest and 
donn ton ard the pubis. Smears and cultures were positive Sor gas bacillus. He was 
taken immediately to the operating-room. Reopening of the operative incision freed 
considerable gas from the tissues, which were necrotic. Multiple incisions were, 
made through all the areas of crepitus down to the scrotum, releasing large amounts 
of gas. Drains were placed and the entire area irrigated with peroxide, four 
vials of therapeutic dose of antitoxin were given and supportive treatment adminis- 
tered in the form of infusion, caffeine, and nco-prontosil. In 2 hours the gangrene 
had spread down to the ankle and further incision was made and drains placed. In 
JO minutes it had spread down the entire foot and toes. The patient expired at 
2.00 a.m , which was approximately 10 hours after the first area of swelling and 
crepitus was noted. No autopsy was permitted. 
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Etiology and Bacteriology. Gas bacillus infection is usually due to the 
activities of the Bacillus aerogenes capsulatus {B. wclchii, B. perfringens, 
B. phlegmonis capsulatus cmphysemalosae). The Vibrion septique, 
discovered by Pasteur, and the B. hystolytieus are also capable of gas 
production. Other forms of bacteria found in conjunction with those 
known to be gas-producing are thought to be secondary factors in the 
production of the condition in that they consume the oxygen in the wound 
area which otherwise would act to prohibit growth of the anaerobic 
organisms. 

Different observers have shown that the source of contamination, in 
the cases complicating renal and ureteral surgery, may be in (1) the skin, 
(2) operative materials, such as contaminated catgut, (3) the lower in- 
testinal tract, (4) urine, pus, or urinary calculi. It is well known that 
the B. acrogenes capsulatus is frequently harbored normally in the rectum, 
and it has been suggested by Menchen and Leiter that during mobiliza- 
tion of the kidney and ureter, lymphatics from the bowel may be opened 
in the stripping away of the peritoneum, thus allowing organisms to enter 
the traumatized retroperitoneal area. Gas-producing organisms have 
been recovered from the pus and urine of numerous patients with renal 
or perirenal infection, and have also been isolated from urinary calculi 
by Ferrier and Bliss and by Mencher and Leiter. The crushing, during 
delivery, of a stone containing the infectious organisms might readily 
act to set up a postoperative gas-bacillus infection. 

In 1935, Mario Fortunate, of the University of Naples, carried out 
certain animal experiments which tended to show that the kidney is 
usually highly resistant to invasion by B. aerogenes capsulatus, and it is 
only when the organ has been traumatized, or its integrity destroyed by 
disease, that the infection can gain a foothold. 

Pathology. Two factors are necessary for propagation of the or- 
ganisms: (1) injury', which devitalizes the tissues, and (2) the cutting 
off of the oxygen supply. So long as the circulation about the wound 
remains unimpaired, the development of gas bacilli will be kept in check. 
When the tissue is necrotic, the bacteria multiply and spread with great 
rapidity, infiltrating the invaded tissues and producing multitudinous ail 
spaces from which an inflammable gas, of a sweetish, “decaying" odor, 
escapes. Eventually the entire affected area breaks down into an in- 
distinguishable mass of eosinophiles and bacteria of different orders, but 
still studded thickly with the characteristic air-spaces. 

Symptoms. The earliest symptom is an inordinate rise in temperature. 
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More characteristic but somewhat later signs are discoloration of the 
skin, a thin, purulent or mucosanguineous exudate from the wound, 
edema of the tissues, crepitation, and, finally, profound toxemia. Pain is 
not a conspicuous symptom. The presence of gas in the tissues about 
the wound is a practically constant feature. 

The incubation period for gas-bacillus infection is from 1 to 5 days 
(averaging 3 days), and crepitation is a fairly late sign. If the patient 
is to be given a fair chance of recovery, therefore, the diagnosis should 
be made before crepitation is felt. 

Diagnosis. Any patient who has a sharp rise in temperature shortly 
after operation should receive a careful inspection of the wound, as well 
as a general physical examination. Discoloration, edema, or crepitation 
in the region of the wound calls for immediate reopening and exploration 
of the wound, and the making of smears and cultures. The escape of gas 
can easily be detected on section, or when pressure is made with the flat 
of the hand in the direction of the wound. The organisms are usually 
readily demonstrated. Blood cultures are taken. 

Prognosis. The prognosis is always grave. In a few of the reported 
cases the infection was relatively mild, but as a rule such infections are 
very severe and prostrating. The chances of a favorable outcome arc 
directly dependent upon early recognition and institution of proper treat- 
ment, although even this may fail to save the patient (as in our own case). 
It is encouraging to note, however, that the exceedingly high mortality 
of the earlier cases (practically 100 per cent) is being steadily lowered. 

Treatment. Treatment consists in immediate wide opening of the 
wound and free incision of all affected areas. Multiple drainage tubes 
are placed for continuous irrigation with peroxide and oxygen. Large 
doses of polyvalent serum are administered, and adequate supportive 
treatment — in the form of blood transfusions, infusions, caffeine, sulfa- 
therapy, etc. — is given, as required. Experimental study indicates that 
the new drug, penicillin, may prove of great value in these infections. 

(6) Echinococcus Disease of the Kidney 

Echinococcus disease (cysticercus; hydatid cyst) is usually considered 
under the head of renal cysts, but inasmuch as the causal agent is an 
animal parasite, its proper inclusion would seem to be with infections and 
infestations of the kidney. 

Etiology. Echinococcus disease is caused by a small tapeworm, 
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Taenia echinococcus, a member of the class Cestoidea of the phylum 
Platyhelminthes. It is an intestinal parasite of the dog, and infects 
human beings only when they are in very close contact with dogs and 
sheep, cattle, or swine — the usual intermediate hosts. It enters the 
various organs of man in the larval stage, forming the so-called hydatid 
cysts. Kidney involvement is relatively rare, the liver being the site of 
predilection. 

Echinococcus disease occurs most frequently in the cattle and sheep- 
raising districts of Australia, Iceland, New Zealand, Argentina, Uruguay, 
the northern part of Africa, and Southern Europe. It is much less 
common in the United States and Canada. Magath (1937) found 
records of 482 cases of hydatid disease in the United States and Canada, 
the great majority of which occurred in immigrants who probably ac- 
quired the disease in foreign countries. 

The Taenia echinococcus in the adult stage is from 5 to 8 mm. long. 
It consists of a rounded head with a double row of hooklcts, and a ribbon- 
like body composed of three segments each of which, when mature, is 
bisexual. The second and third segments are the propagating portion 
of the worm. 

The eggs, containing hooked embryos of the tapeworm, are taken into 
the digestive system of sheep or cattle on ingested foliage upon which 
the dog’s excreta have been deposited, or in contaminated water, and are 
conveyed to man through water or raw vegetables contaminated by 
cattle or dogs, They enter the dog again in the ingested entrails and 
other offal of slaughtered cattle. The interruption of this vicious circle 
is comparatively easy in sections where the water supply is protected 
and cattle are slaughtered under regulations which prevent dogs getting 
access to the refuse, which explains the infrequency of the disease in 
modernly equipped wool and cattle-growing communities. 

When the ova are taken into the alimentary tract of the human or 
animal host, the capsule containing the hooked embryos is dissolved by 
the action of the digestive juices. The freed embryos burrow their way 
through the intestinal tfall, eventually reaching the portal circulation, 
whence they are carried to various tissues. Wherever the embryo lodges 
it develops into a hydatid cyst, which may become of enormous size. 
As the portal circulation always conveys it to the liver, the preponderance 
of hepatic cysts is readily understandable. Renal cysts are uncommon, 
as the embryos seldom progress as far as the kidney without being ob- 
structed. 

Inside the primary or mother cyst are developed daughter cysts from 
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the walls of which are formed numerous scolices with characteristic 
hooklets. When the dog, the host, eats these scolices, which develop 
into adult tapeworms, the life cycle of the parasite is completed. 

Incidence of Renal Hydatid Cyst. The incidence of renal location is 
given by Craig and Faust (1937) as from 2.01 to 4.74 per cent. Fewer 
than 35 cases of renal echinococcus disease have been reported as occur- 
ring in the United States and Canada (23 up to 1929, Livermore). Two 
cases (not reported) have been seen by us at the New York Hospital. 
Craig and Lee-Brown, of Sydney, Australia, reported 16 personal cases in 
1928, 11 of which were in males and 5 in females. 

The left kidney is involved more frequently than the right. Men are 

Pathology. Completely developed renal hydatids vary considerably 
in size, and in man may attain the size of a child’s head. They are 
usually spherical in shape, unless influenced by pressure. The l ower p ole 
i s more often the site of hyda ti ds than the upper po le. 

The cyst wall consists of an external cuticular membrane and a very 
delicate internal germinative layer, and may attain a thickness of 1 mm. 
It is from the inner surface of this germinative membrane that the 
brood capsules are formed. The cyst is filled with a colorless or 
yellowish fluid, having a specific gravity of 1.006 to 1.015, and containing 
sodium chloride, sodium phosphate and sulphate, sugar, inositc, and 
albumin. Scolices are often found free in the hydatid fluid. In man, 
daughter cysts are frequently formed within the mother cyst, either from 
the germinative layer or from the brood capsules or scolices; these have 
the same histological structure as the primary or mother cyst. _ 

The cyst may be closed or open— that is, communicating with a calyx 
or the renal pelvis. 

The growth of the cyst is eccentric, extending from the point in the 
cortex where the embryo originally lodged and gradually pressing upon 
the neighboring glomeruli and tubules, causing atrophy and eventual 
destruction of these structures. When the cyst has become so large that 
it can no longer be contained within the cortical substance (an insidious 
process ■which may take as long as 15 to 20 years), it will rupture int o a 
calyx or the renal pelvis, or it ma y burst and expel Its contents into some 
neighboring orgarTorTIssue (rare). 

“Multiple hydatid" cysts of the kidney are rare— a single cyst, located in 
the cortex, being the usual finding. Exceptionally, they may occur in 
the medullary tissue or m the fatty capsule. Hererra-Vcgas reported a 
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case of a 12-year-old girl who had 14 cysts of various sizes in the left 
kidney, an extraordinary finding inasmuch as children seldom have renal 
hydatids and multiple cysts are rare. 

The kidney may be primarily infected, or it may be infected in con- 
junction with other organs, such as the liver and spleen. 

Symptoms. The growth of a hydatid cyst is exceedin gly slow , and 
symptoms usually are not present until the cyst has attained co nsiderable 
sizeT The most common complaints are of pain in the kidney area, 
freque ncy of urina tion, and the passing o f membrane s in the urine. ~ 

Rupture of the cyst into the pelvis or a calyx is followed by the appear- 
ance of hooklets and daughter cysts in the urine. The flu id in an int act 
hy datid is s terile, but should the cyst wall become ruptured, the fluid will 
make an excellent medium lor tl 
lowing rupture, therefore, sym; 
septic pdl§ gtring~mayil5ye ldp. ' . . 

following rupture, due to absorption of antigen from the cyst. 

Diagnosis. The diagnosis in the open variety is easy because hooklets 
and daughter cysts can be readily demonstrated in th e urine. In the 
closed variety the diagnosis is very difficult and has rarely been made 
postoperatively in the cases reported. 

Physical examination will usually reveal a mass in the kidney region, 
and more or less tenderness. Percussion over the mass, if in the lower 
pole, may elicit the so-called “hydatid-thrill” — a fluctuation which is a 
characteristic of the hydatid. 

The p yelogram usually shows some filling defect suggestive of cyst or 
tumor of die kidney, but is of no assistance in determining the nature 
of the cyst. 

Gen eralized eosino philia is present in about one-fourth of the cases, 
and suggests the possibility of hydatid disease. 

Various precipitin, complement-fi xation, and int radermal tests have 
been developed, which have proven to be valuable aids in the diagnosis 
of the renal type of hydatid disease, although in this country the difficulty 
of procuring the fresh antigen may frequently prove a barrier to their 
employment. The precipitin test, improved and simplified by K. D. 
Fairley (1923) and by Bryce, Keliaway, and Williams (1924), using one- 
half phenolized hydatid fluid (unheated) and one-half patient's serum, 
provides a satisfactory specific criterion. The complement-fixation test, 
first advocated by Weinberg (1909) and modified by N. H. Fairley (192 1- 
22), 'uses clear, sterile, unpreserved hydatid fluid from human or sheep 
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cysts as antigen. (This test is positive in over 80 per cent of cases.) 
The inlradennal test of Casoni is generally regarded as more sensitive than 
either of the above, giving over 95 per cent positives. This test was 
improved by Dew, Kellaway, and Williams in 1925. The injection of 
0.2 cc. of sterile, unpreserved hydatid fluid into the skin produces a wheal 
up to 5 cm. in diameter with pseudopodia in about 20 minutes in all posi- 
tive cases, with no false positives, and is the test of choice in all except old, 
complicated cases, when the complement-fixation test should be employed 
(Craig and Faust). 

In one of the two cases seen by us, the diagnosis was easily made as 
daughter cysts were found in the urine. The patient, a 30-year-old male, 
had lived on a sheep-raising farm in Sardinia, where there were many 
dogs. He had had intermittent attacks of pain in the right kidney area 
for 2§ years, with frequency of urination and the passage of membranes 
from the urethra during and after the attacks of pain. A firm mass was 
palpated under the right costal margin. The cyst, which was located 
in the upper pole, had ruptured into the renal pelvis, making nephrectomy 
necessary. 

Our second patient was a young woman who had recently come from 
Greece, where she had lived on a dairy farm. She complained of pain 
in the left flank, associated with frequency of urination of 2 months’ 
duration- A mass, which was apparently connected with the left kidney, 
was felt in the left upper quadrant. The pyelogram showed an enor- 
mously enlarged kidney and an irregular filling defect suggestive of a 
tumor. At operation, a large cyst of the lower pole was found; this was 
removed with the kidney, the patient making a rapid recovery- 

Prognosis. The outlook for recovery from echinococcus infection of 
the kidney is good, although it is sometimes necessary to sacrifice the 
kidney. Frequently, however, conservative surgery suflices. 

Treatment. Surgery is the only possible means of relief, but there is 
some variance of opinion as to the best methods to pursue. /n open 
hydatid cysts of the kidney, nephrectomy is the operation of choice, if 
the opposite kidney is functionally adequate. Care must be taken not 
to spill the contents of the cyst. For the closed cysts, various methods 
have been advocated; nephrostomy through a simple lumbar incision ; 
marsupialization; heminephrectomy; suture without drainage. 

Marsupialization consists in making an opening in the cyst wall, 
through which the contents arc evacuated, and then fixing the edges of 
the cyst wall to the skin edges of the abdominal wound. A rubber 
drainage tube is left in the sac thus formed. 
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Suture without drainage, often known as the “Australian method,” is 
carried out by the following steps (Craig and Faust): (1) The adventitia 
surrounding the cyst is exposed by incision over the most prominent or 
most dependent part of the tumor. (2) The contents of the cyst are 
aspirated through a large-caliber needle or trocar connected with a dosed 
suction apparatus; 10 to 50 cc. of 10 per cent formalin solution is then 
injected, and the fluid slowly withdrawn from the sac, the withdrawal 
occupying 5 minutes or more. (The formalin causes death of the brood 
capsules and scolices within a very short time.) (3) The adventitia is 
incised down to the actual cyst, and the cyst with its contents separated 
from the adventitia and removed. (4) After swabbing the adventitia 
with 10 per cent formalin solution and leaving a small amount of the 
solution in the cyst bed, the cavity is obliterated wherever possible by 
setting in intracapsular sutures, the adventitia dosed with a double row 
of catgut sutures, and the cavity dosed without open drainage, anchoring 
the adventitia to the tissue beneath the line of incision. 

(7) Bilharziasis of the Kidney 

Infection with Schistosoma haematobium is common in the bladder 
and lower part of the ureter, only occasionally noted in the upper ureter, 
and deddedly rare in the kidney. Very few cases of renal involvement 
have been reported in this country, the latest apparently being that of 
A. R. Stevens (1935), in which the lesions were papillomatous in type and 
involved the calyces and pelvis, ureter, and adjacent portion of the 
bladder. Although infection of the renal pelvis from a previously in- 
fected bladder or ureter appears to be uncommon, the possibility of such 
an occurrence is strong enough to merit watchfulness on the part of 
practitioners under whose care these infrequent bilharzial infections 
may come. II the meter — particularly the upper portion — shows the 
characteristic lesions, the possibility of the kidney being likewise involved 
should be kept in mind. 

Bilharziasis of the urinary tract has been adequately covered in the 
sections on Diseases of the Bladder (p. 1030) and of the Ureter (p. 1248), 
to which the reader is referred. 

(8) Actinomycosis of the Kidney 

Incidence. Actinomycosis Is a relatively rare disease in this country. 
Sanford and Voelker’s survey of 670 cases in the United States, in 1925, 
included only 1 case of renal involvement. Clinically, the renal lesions 
are termed “primary” when no other lesion can be found, and “secondary” 
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when they are a metastatic or hematogenous infection from a primary 
lesion in the lungs, liver, intestine^, or other organ. Most authors are 
of the opinion that a truly primary renal infection never occurs. Von 
Lichtenberg found only 7 reports of so-called primary- renal actinomycosis 
up to 1927. Cumming and Nelson (1929) collected 37 cases of renal 
infection from the literature, in 11 of which the lesions were primary. 
Hunt and Mayo (1931) found 11 cases of primary renal lesions and added 
one of their own. Good, studying 62 cases of abdominal actinomycosis, 



Fig. 320. Actinomycotic abscess invoking the left kidney and its capsule. (ChristeHer.) 

found secondary involvement of the kidney in 8 instances. Kretschmer 
and Hibbs (1936), in a careful perusal of the literature, collected 3 cases 
of renal involvement in children and added a personal case. 

Etiology and Pathogenesis. Actinomyces bovis , the causative or- 
ganism of actinomycosis, is a facultative anaerobe found only in the 
animal body. It is a branching filamentous organism, which stains by 
Gram’s method. It is fairly easily cultured and is readily killed by heat. 
The fungus is believed to be a normal inhabitant of the buccal and gastro- 
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intestinal secretions of man and animals, and in certain instances may 
penetrate into the tissues, setting up the characteristic lesions of acti- 
nomycosis. Numerous reports of the finding of actinomyces in the 
carious teeth and tonsillar crypts of otherwise healthy individuals— both 
children and adults — are on record. 

Accessory factors favoring the implantation of the fungi into the 
tissues are trauma, disease, and accompanying organisms. Garceau 
quotes Wright as surmising that the organism exists in the form of frag- 
mented filaments growing in company with bacteria of the gastroin- 
testinal tract, though he could produce no direct proof of the correctness 
of this view. Israel believed that “under certain conditions the malig- 
nant microorganisms may develop from harmless leptothrix found in 
the mouth.” 

It is frequently impossible to demonstrate the portal of entry of the 
actinomyces. From the primary site the disease extends by continuity 
of tissue ot by the blood stream (rare). Garceau cites the case of Hoover, 
wherein the disease started in the jaw, reached the lung by invasion of the 
chest wall, traveled through the lung and perforated the diaphragm, 
attacked the liver, finding its way through to the lower hepatic surface, 
and eventually attained the kidney. 

The kidney is probably infected most frequently by direct extension 
of the disease process from a point in the gastrointestinal tract. The 
disease makes its way through the capsule into the renal parenchyma, 
finally reaching the renal pelvis, when pus will enter the urine and thus 
find its way to the bladder. From the alimentary tract the fungus may 
infiltrate a blood vessel, causing a metastatic lesion to be produced 
within the kidney parenchyma, whence the process spreads outward to 
involve the renal capsule, the perirenal tissues, and, in most cases, the 
ureter. A unilateral actinomycotic process in the lower lobe of a lung 
may involve the kidney by direct extension through or behind the 
diaphragm. 

Pathology, When the fungi have established themselves in the tissues, 
they set up a chronic suppurative process, with necrosis and the forma- 
tion of granulation and connective tissue. The individual lesion appears 
as a collection of sulphur-yellow granules or linear streaks within tlie 
suppurative process. These characteristic granules consist of felted 
masses of the mycelia of the actinomyces. The abscesses containing the 
organism are usually multiple and are surrounded by a zone of granula- 
tion or connective tissue. Extension usually takes place, as previously 
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noted, by continuity, with the production of densely indurated lesions 
which have a tendency to break down and form communicating channels 
and discharging sinuses. 

When the kidney has been invaded by continuity, adhesions will be 
found between it and the infected adjacent structures; and if an abscess 
cavity has formed by dissolution of the tissues of the neighboring organs, 
there may be a sinus to the external surface, through which pus, mixed 
with yellow granules, will be discharged. The renal capsule will be 
thickened and eroded, and the parenchyma the site of the characteristic 
lesions, which, in the kidney, resemble caseocavernous tuberculosis. 

Amyloid infiltration may occur with long-continued renal actino- 
mycosis. It is usually bilateral. Frequently, amyloid disease of the 
kidney will be found when actinomycosis is present elsewhere in the body 
but there is no evidence of renal invasion. Secondary' nephritis and 
fatty degeneration also occur in connection with renal actinomycosis. 

Symptoms and Diagnosis. There is no definite symptomatology. If 
the kidney involvement is a part of a generalized actinomycosis, the 
symptoms will be those of a severe sepsis, and any localizing signs or 
symptoms are likely to be overshadowed by the systemic manifestations, 
so that the renal invasion may be entirely overlooked. 

In the so-called primary type, the disease is likely to be diagnosed as 
tuberculosis- or renal tumor. Pyelography has been of little value. 
Most diagnoses have been made by pathological studies. 

Men are much more frequently affected by actinomycosis than women. 
No age is exempt. 

The most common symptoms are fever, loss of weight, and pain in 
the kidney area. The persistence of a sinus following nephrectomy for 
a chronic suppurative process in the kidney, in which tuberculosis has 
been ruled out, or the formation of a spontaneous fistula, should lead 
one to suspect the possibility of actinomycosis. 

Thfc 'iYagTrC/Vfr TttXfi It ufAjTi Vrrfc tlftWfliWSVmVtrrtk tA 

fungus in the urine or in the pus from a discharging sinus. A history of 
preexisting actinomycosis elsewhere in the body is, of course, very 
suggestive. 

Prognosis. The prognosis, in general, is poor. The mortality of 
abdominal actinomycosis is very high, and secondary involvement of the 
kidney usually occurs late in the course of the disease. In the relatively 
few cases where the disease is apparently confined to the kidney, nephrec- 
tomy offers a good chance of recovery. However, it is very difficult to 
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discover the exact extent of the disease, and reappearance of the infection 
elsewhere in the body at a later date not infrequently occurs. 

Treatment. In unilateral renal actinomycosis, nephrectomy is the 
treatment of choice, if there are no extensive lesions elsewhere in the 
body and if the opposite kidney is capable of carrying on the function of 
both sides. A number of cures have been reported in these primary cases. 
If the disease is widespread when the renal involvement is first recognized, 
nephrectomy will be of little value and the wisdom of performing it is 
questionable. 

Several treatments of the postoperative wound have been suggested, 
such as leaving the wound wide open, packing it with iodoform gau 2 e, 
irrigating it with a 2 per cent solution of copper sulphate, etc. Most 
authors advocate the postoperative administration of roentgen rays 
over the entire area and of potassium iodide orally or sodium iodide 
intravenously. 

Renal Leukoplakia 

Leukoplakia of the renal pelvis must be reckoned a rare lesion, although 
Kutzmann was able to collect 67 cases from European and American 
literature in 1929 and several have since been added. 

Etiology. The etiology of leukoplakia is not clear. It is suspected — 
as in the case of cancer — that chronic irritation may have a strong 
influence on its production (Leukoplakia of the Bladder, p. 1019). Just 
what irritating influence might act to induce its appearance within the 
kidney pelvis is merely a matter of conjecture. 

Pathology. The lesion is epidermoid in character, being a thickening 
or keratinization of the epithelium of the renal pelvis. On section of an 
affected kidney, well-defined membranes will be observed, appearing 
like patches of silvery-gray skin lying in wrinkles. Sometimes these 
patches are so tough and leathery that it will be found difficult to lift 
them from the surface to which they are adherent. When finally they 
are removed, the underlying tissues will display a papillary surface. The 
entire interior of the renal pelvis may be lined with this membrane, or 
there may be only scattered patches interspersed with normal-appearing 
epithelium. Microscopically the patches have somewhat the aspect of 
normal cuticle, retaining the skin’s characteristic stratified appearance, 
but a more or less extensive leukocytic infiltration will usually be found 
beneath them. 

Leukoplakia is regarded by many observers as precancerous in nature. 
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In the urinary tract, squamous-cell carcinoma is known to have de- 
veloped on the site previously occupied by a patch of leukoplakia in 
numerous instances. Patch, in a study of 152 cases of squamous-cell 
carcinoma of the kidney and bladder, found leukoplakia in association 
with the malignancy in 13 cases. Taylor, commenting on the estimate 
of Potts that squamous-cell carcinoma follow's leukoplakia of the urinary 
tract in 8.4 per cent of cases, says: “We suspect that this percentage 
is too low , as it is possible that the leukoplakia occurs more frequently 
than reported in malignancies of the bladder and kidneys because, as a 
precancerous lesion, it may be overlooked or entirely replaced, while 
the malignant tendencies of a leukoplakia may be overlooked, due to 
insufficient examination of the specimen.” 

Symptoms and Diagnosis. The symptoms are those of a chronic renal 
infection or of urinary calculus, and in no way suggest the true nature 
of the lesion. Clinically, leukoplakia is most likely to be confused with 
renal tuberculosis. Most tubercular patients, however, are between 
20 and 35 years of age, whereas renal leukoplakia is usually seen in the 
middle-aged and elderly. If obstruction of the ureter by desquamated 
epithelium occurs, there may be severe pain, but this cannot be distin- 
guished from ureteral colic due to other causes, such as stone or stricture. 

Positive identification is possible only at operation or autopsy. 

Treatment. The treatment is that of chronic renal infection, because 
the lesions cannot be positively diagnosed except by bisection of the 
kidney. Most urologists advise nephrectomy for a unilateral lesion, 
because of the supposedly precancerous nature of the disease. 

Cysts of the Kidney 

Renal cysts may be divided into polycystic and simple. Polycystic 
disease is a congenital condition, but because clinical manifestations 
often do not appear until adult life, and are likely to be confused with 
those of acquired diseases of the kidneys, it seems advisable to consider 
the subject here rather than with congenital anomalies. Simple cysts 
are acquired. They may be subdivided into unilocular cysts and multi- 
locular cysts. Other forms of acquired cyst are hydatid cyst, caused by 
Taenia echinococcus (Echinococcus Disease of the Kidney, p. 1520) and 
the small, multiple retention cysts associated with chronic nephritis or in- 
fection. The latter have slight clinical or surgical importance, being 
usually discovered only on exposure of the kidney. 

Renal cysts were described more than 300 years ago by Fabrictus de 
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Hilden, who died in 1624, but no clear-cut classification of the various 
types was made until 1876, when Laveran distinguished between simple 
cysts and polycystic disease. The first review of the literature and 
citation of cases of renal cysts was that of Lejars (1888). Although 
cysts of the kidney are relatively rare, the literature is voluminous. 

POLYCYSTIC DISEASE 

Polycystic disease of the kidneys is an extensive invasion of the renal 
parenchyma by cystic formations which are almost surely of congenital 
origin. The disease is apparently unrelated to other cystic conditions 
of the kidney. In advanced cases the entire kidney is a mass of cysts 
varying from small vesicles to cysts 6 or 7 cm. in diameter. 

The condition appears to be bilateral from the outset, although the 
process is likely to be more advanced on one side than on the other. 
Advanced instances of the disease are found at birth, as well as in extreme 
old age. In the fetus, the polycystic kidneys may be so large as to impede 
delivery of the child. Such infants die in utero or shortly after delivery'. 
If the condition is compatible with life, it generally remains undetected 
until adulthood; or, as postmortem examinations have repeatedly shown, 
it may not be suspected in life, death being due to other causes, while 
the kidneys have functioned satisfactorily. 

Incidence. Polycystic disease of the kidneys is uncommon, but occurs 
often enough to be of considerable clinical importance. The following 
statistics give some idea of its incidence. Of 389,773 patients treated 
at the London Hospital from 1900 to 1924, only 79 had clinically mani- 
fested polycystic kidneys (Caims). Naumann (cited by D unger, 1904) 
found only 16 cases of polycystic disease in the records of 10,000 necrop- 
sies. Davis (1925) states that the combined statistics of Barnett, Preitz, 
and Garceau, from 23,190 autopsies, revealed 67 cases. At the Mayo 
Clinic, 9 cases were found in 9,171 necropsies; clinically there were 193 
cases in 680,000 registrations (Braasch and Schnacht, 1933). Oppen- 
heimer (1934) gives the incidence at the Jewish Hospital, Brooklyn, as 
13 cases in 2,060 autopsies. At Mount Sinai Hospital, New York, 
there were 60 cases in 220,000 admissions; 14 cases were seen in 6,000 
necropsies. Bell (1935) found 44 cases in 22,393 autopsy' records of 
the University of Minnesota Hospital. He mentions that the incidence 
in any series is greatly influenced by whether or not still-births and the 
deaths of very' young infants are included in the figures. Analysis of 
the records of his hospital showed 8 instances of polycy'Stic disease in 
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1819 still-births, with 6 cases in infants under 6 months of age. At the 
Brady Foundation, in the New York Hospital, 30 cases of polycystic 
kidneys have been clinically diagnosed in the 19 years between 1924 
and 1943. 

Familial Occurrence. The hereditary aspect of polycystic kidneys 
has been so frequently demonstrated that a familial history is now con- 
sidered of the greatest diagnostic value. 

Calms, in 1925, published a study of three generations of a family of 
42 individuals, 8 of whom had polycystic kidneys, while 2 members, 
who were then children, had palpable kidneys which were probably cystic. 
He found in the literature but one record of polycystic disease in three 
generations of a single family; this was a Swedish family, the history of 
which was first recorded by Bull (1910) and later continued by Paus 
(1914). In 1928, Curaming made public another instance of 10 cases of 
polycystic kidneys in three generations of the same family. There have 
been numerous reports of inheritance by a child from a parent (two 
generations) ; and instances where a number of members of a single gen- 
eration presented the anomaly are common. 

It is our practice, when we discover polycystic kidneys in one member 
of a family, to send for the others, and, if investigation reveals the con- 
dition, impress upon the afflicted individual the importance of remaining 
under observation. 

Etiology. Polycystic disease of the kidneys has long been recognized 
as being of congenital origin, due partly to the finding of several cases 
of the disease in one family, and partly to the frequency with which such 
kidneys are found in fetuses and the newborn. However, the patho- 
genesis, though productive of a host of theories, is still in doubt. 

For many years, Virchow's theory that the cysts are due to papillitis, 
with occlusion of the papillary ducts, was commonly accepted, but was 
abandoned when it was demonstrated that obstruction of the ducts 
led to atrophy, rather than cystic changes, of the ducts. 

Hildebrandt’s theory that the cysts are due to defective union of 
ureteral and metanephrogcnic fundaments during development is based 
on the knowledge that the straight collecting tubules and the renal pelvis 
take their origin in the ureteric bud of the wolffian duct, later uniting 
with the convoluted tubules, which arise from a separate embryologica! 
structure, the metanephrogcnic blastema. He argues that failure of 
union between the convoluted tubules and the collecting tubules would 
produce multiple cysts at the time secretory activity of the kidney 
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should normally begin. Later investigators have found direct con- 
tinuity between cysts and collecting tubules, proving that retention 
alone cannot account for cyst-formation. 

Hepler, basing his belief on the work of Hinman and Mori son upon the 
renal circulation, showed that mere occlusion will not cause cyst-forma- 



Fig. 321. External view of polycystic kidney. Autopsy specimen. 


tion, but when interference with the local blood supply takes place, cyst- 
formation promptly follows. Hepler’s work was done in an investigation 
of solitary cysts, but his conclusions are applicable to all types of true 
cyst arising in the kidney. 

Daws’ view that polycystic kidneys in man result from partial cessa- 
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tion of development at the mesonephric stage, with later degenerative 
changes, finds backing in comparative anatomy. In those lower forms 
of animal life where the normal adult kidney is of the mesonephric type, 
renal similarities to the human polycystic organs are to be recognized. 

Kampmeier's theory that the cysts arise from persistence of primitive 
renal tubules has been demonstrated, at least in part, in fetal kidneys. 
The ureteric bud, developing as the nephrogenic cap, is first in conjunc- 
tion with primitive tubules which never reach the stage where their 
lumina become continuous with the lumen of the primitive renal pelvis. 
After these tubules degenerate, the pelvis begins to send out branches 
which do become continuous with a new set of renal tubules that replace 
the primitive group. These tubules eventually degenerate and com- 
pletely separate from the pelvis before they entirely disappear. They 
remain long enough, however, to constitute a makeshift kidney. The 
beginnings of the permanent kidney are laid when a third set of tubules 
arises and is united with the primitive ureter. According to Kampmeier, 
the tubules of the second series, once separated from the primitive pelvis, 
may not immediately disappear, but remain to become dilated to many 
times their original dimensions, thus forming cysts. Extensive observa- 
tion on fetuses of many diSerent stages of development convinced this 
investigator that abnormal development of the provisional tubules is 
responsible for this anomaly as generally encountered. 

Pathology. In well-advanced polycystic disease, the kidney will have 
the appearance of being changed to a mass of cysts of varying sizes, some 
of which have almost transparent walls through which the contained fluid 
is plainly visible. The surface contour is irregular, due to the underlying 
cysts, but the characteristic kidney outline will usually be discernible. 

The kidney may reach an enormous size. The congenital cystic kid- 
neys sometimes seen during labor may be so large as practically to fill 
the abdomen. The adult type does not often attain sufficient size to be 
cietectrbie by inspection, a i though an occasional case has been reported 
wherein the kidney formed an easily recognizable mass, visible as well 
as palpable. Very often the disease, and hence the size of the kidney, 
will be more marked on one side than on the other. 

On section, the cysts are seen to be scattered throughout the renal 
parenchyma. They do not communicate with each other or with the 
renal pelvis, though occasionally a cyst may rupture into the pelvis. 

In advanced cases the renal tissue is reduced to a minimum, and occurs 
as thin strips of cortical substance lying between the cysts and showing 
the changes of pressure atrophy and interstitial fibrosis. 
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The cysts often contain a clear, yellowish fluid, but the contents vary 
considerably. The fluid in practically all polycystic kidneys of adult 
life contains blood and pus, evidence of hemorrhage and infection. The 
cystic contents have been variously reported to contain calcium oxalate, 
uric add, cholesterol, leudn, cystine, fat, blood, and pus. 

The fact that it is increase in the size of the cysts, rather than increase 
in their number, which causes enlargement of the kidney, has been 
commented on by Belt, as follows: 

Although the stages have not been idenufied, it is highly probable that polycystic 
kidneys at birth have a still greater proportion of intact parenchyma than is found in 
the subchnical group at postmortem. In childhood and youth the persistent islands 
of parenchyma hypertrophy and compensate for the tissue destroyed by the cysts. 
This is probably the reason why there are so few deaths between infancy and the 
third decade. But in adult life the ability to hypertrophy is greatly' decreased, 
parenchyma is destroyed more rapidly than it can be replaced, and the patient 
progresses toward renal insufficiency'. The destruction of parenchyma is largely due 
to the cysts. . . . The destructive effects of pressure are easily observed between 
and around the cysts. The tortuous thick-waUed arteries and the elevated blood 
pressure probably contribute to some extent to the destruction of the parenchyma. 
The expansion of the cysts produces a pressure atrophy of the tubules and glomeruli. 
The abundant interstitial tissue, especially in the medulla, becomes more dense and 
fibrous with age, and also compresses the tubules. Some of the smaller cysts in 
adult kidneys represent hypertrophy of persistent tubules, or they may be tubules 
that originally communicated with the pelvis which were later obstructed by the 
pressure of connective tissue or cysts. The great majority of the larger cysts are 
probably of fetal origin. 

Polycystic disease is believed to be always bilateral, even though 
inspection at the time of operation may sometimes show one grossly 
normal kidney. In many instances, advanced cystic degeneration has 
been found on one side and a macroscopically normal kidney on the 
other, yet microscopic examination invariably has revealed unmistakable 
evidence of early cysts in the apparently healthy organ. 

Other anomalies are commonly associated with that of the kidney, 
especially the tendency to deformity in the skeleton, and cystic condi- 
tions of the liver, ovary, uterus, epididymis, and spleen. 

Symptoms and Signs. In the adult, the chief symptoms and signs 
are Tenal insufficiency, lumbar pain, hematuria, albuminuria, and a 
palpable tumor in one or both loins. Nephritic manifestations, such as 
nausea, vertigo, anorexia, headache, lassitude, and loss of weight, are 
common. Polycystic kidneys show’ a marked tendency to hemorrhage 
and infection. Hematuria is frequently the symptom which impels 
these patients to seek medical advice. This may be slight or marked. 
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but is usually intermittent, of long duration, and painless. In other 
cases, pyuria or lumbar pain may be the chief complaint. Any other 
form of renal disease may be engrafted upon the congenitally cystic 
kidney, in which event the symptomatology of the complication will 
be present. Again, urological symptoms may be lacking and the clini- 
cal manifestations those of a gradually developing chronic glomerulo- 
nephritis, which may continue for years, with renal dysfunction, uremia, 
anuria, and finally death. 

Diagnosis. Polycystic disease is observed in early infancy and in adult 
life (usually after the twenty-fifth year), with a period during childhood 
and youth when very few cases are seen. Of the 44 patients reported 
on by Bell, only 1 was between the ages of 4 months and 25 years. One 
of our patients was a 9-year-old boy. All the infants die shortly 
after birth. 

Because of the tendency of the disease to be hereditary, complete 
and accurate investigation of the patient’s family history is of great 
importance. 

The diagnosis is based on the symptoms noted above, the physical 
findings, and the appearance of the pyelogram. The urinary findings 
resemble those of interstitial nephritis, and are not of themselves char- 
acteristic. Excretion tests may at first be quite normal, but in the later 
stages may indicate advanced or complete destruction. 

Lowered renal function, or blood in the urine, and a palpable mass 
in both loins should suggest the possibility of polycystic disease. Occa- 
sionally one may even feel the irregularity of the kidney’s surface caused 
by the presence of the cysts. Often, however, only one kidney, or 
neither organ, is palpable. 

Urography, either intravenous or instrumental, will give definite diag- 
nostic information in most cases (Roentgenography of the Genito- 
urinary Tract, p. 159). In advanced cases the pyelogram often simu- 
lates renal neoplasm. The bilateral nature of the deformity in polycystic 
disease is an aid in differentiation. The appearance of the pyelogram will 
vary with the stage of the disease; and there may be considerable differ- 
ence in the extent of the deformities in the two kidneys of the same 
patient. The changes affect the calyces chiefly, and consist of alterations 
due to compression of the calyces by the cysts. In the earlier stages they 
consist mainly in a crescentic distortion of the terminations of the minor 
calyces. Later there is elongation of the major calyces and infundibula, 
with widening of the minor calyces. The indentation of the enlarged 
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cysts can sometimes be made out. One or more of the minor calyces 
may be entirely obliterated. As a rule, the narrowed pelvis and elongated 
calyces extend over a space larger than the usual kidney area. 

It is our practice to do only intravenous urography once the diagnosis 
has been confirmed, because we feel that ureteral catheterization con- 
stitutes a very definite hazard in these cases, even though no urinary in- 
fection is demonstrable. Should retrograde pyelography be deemed 
necessary, it must be done with marked regard as to gentleness and asepsis. 

Prognosis. The prognosis is poor, although under certain circum- 
stances patients are sometimes enabled to live to a good age and in 
comparative comfort. Patients afflicted with this disease are liable to 
renal infection and become exhausted easily. Unless they live, very 
carefully, they are subject to many calamities. When operation is 
necessary, the polycystic kidney patient is rot a good risk, and, if one 
kidney is removed, is not likely to survive for more than a year or two, 
although survival for much longer periods has been reported in a number 
of instances. 

Treatment. In general, the treatment of polycystic disease is medical. 
Due to the bilateral and progressive nature of this disease, surgical inter- 
vention is contraindicated except in imperative circumstances. 

Even though the disease is progressive in nature, careful medical man- 
agement will do much to prolong and make more comfortable the lives 
of these patients. The destruction of renal tissue, unless hastened by 
infection, urinary back pressure, or stone-formation, often proceeds very 
slowly. The avoidance of infection is, therefore, of supreme importance. 

These patients require plenty of rest, and must do everything in 
moderation. They should avoid extremes in temperature, particularly 
cold, and, whenever possible, should live where the winters are mild. 
Sufficient fluids, and a low-protein diet to reduce the work of the im- 
paired kidneys, are recommended. Adequate drainage may be main- 
tained, and acute symptoms relieved, by occasional careful dilatation of 
the ureters and renal pelvic lavage. Repeated and regular examinations 
are important. 

Severe hemorrhage, gross infection, serious obstruction, tuberculosis, 
tumor, stone, or rupture may demand surgical intervention (Operative 
Treatment of Renal Cysts: Polycystic Disease, p. 1686). Operative 
maneuvers require the utmost care and good judgment, and assurance of a 
sufficient functional reserve in the opposite kidney is even more impor- 
tant than in the case of congenitally normal kidneys. 
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SIMPLE CYSTS OF THE KIDNEY 
(1) UNILOCULAR CYSTS 

Simple unilocular cysts of the kidney are usually of large size and uni- 
lateral, and occur in adult life. While generally solitary, several of them 
not infrequently occur in the same kidney simultaneously. They are of 
two types: serous and hemorrhagic. They are to be distinguished from 
multilocular and hydatid cysts, the retention cysts of nephritis and 
hydronephrosis, and from polycystic disease. 

Incidence: Age: Sex. Large simple cysts of the kidney, while un- 
common, are not as rare as we have been led to believe. Young in his 
Urology, states that no case of solitary cyst had been found in 12,500 
urological cases in the Brady Institute up to 1926. On the other 
hand, 32 cases were observed between 1928 and 1938 in a group of 11,879 
urological cases at the Squier Urological Clinic of the Presbyterian Hos- 
pital, New York (G. W. Fish, 1939). At the Brady Foundation, in the 
New York Hospital, we have clinically observed 18 cases of simple cysts 
between the years 1921 and 1943, in 4 of which more than one cyst was 
present in the affected kidney. Hepler, in 1930, collected 249 cases from 
the literature (212 serous and 37 hemorrhagic), to which he added 7 cases 
(4 serous and 3 hemorrhagic) from his personal experience. The cases 
reported since bring the total over 300. 

Simple cysts of the kidney are discovered most frequently in the 
fourth and fifth decades of life. Very few cases have been found in 
children The condition has been slightly more common in females 
than in males in most of the reported series 

Etiology. The etiology of simple serous cysts of the kidney is indefi- 
nite. Outstanding among the current theories are the following: 

1. The cysts are congenital in origin, and due to the persistence and 
dilatation of primitive renal tubules, as already mentioned in connection 
with the etiology of polycystic kidney (Kampmeier). 

2 They have their origin in embryonal rests (Latteri). 

3. They result from tubular obstruction together with interference 
with the local blood supply (Hepler). 

4. They arc retention cysts, due to some obstruction in the uriniferous 
tubules with continued secretion of urine. Localized inflammation 
is the most frequent cause of such obstructions. 

Supporters of the congenital theory contend that the cysts are slow- 
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growing and do not reach sufficient size to produce noticeable symptoms 
until relatively late in life. However, the fact that Hepler produced 
solitary cysts experimentally by a localized arterial block and tubular 
obstruction, as well as the age incidence of 40 years or over, the rarity 
in children at autopsy, and the relative frequency of a history of sudden 
onset of symptoms and comparative rapidity of growth of the tumor, 



Fig. 322, Large simple cyst of the right kidney. View on section. The cyst did not com- 
municate with the renal pelvis Note smaller cyst near the hilum of the kidney. 


favor an acquired origin. “It would seem more reasonable.” states 
Hepler, “to suppose that they were related in some way to the acquired 
renal lesions which are more common in middle life.” 

Regarding the theory that the cysts are retention cysts, due to obstruc- 
tion of the tubules, there are certain discrepancies which make this 
supposition more or less untenable, namely: (1) There is no evidence of 
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such obstruction in many cases; (2) pathological lesions so situated as 
to block large groups of tubules are comparatively common, yet solitary 
cysts are rare; (3) obstruction to the tubules at the papilla has been 
experimentally induced and, although there was dilatation, which per- 
sisted in some cases, the experimenters did not succeed in producing 
any cysts. 

The rare hemorrhagic cysts of the kidney are generally believed to origi- 
nate as simple serous cysts, which later are the site of hemorrhage of un- 
known cause. By the time the cyst is discovered, there is no way of 
determining whether it began as a simple serous cyst or ■whether it con- 
tained blood from the outset. Other current etiological theories are that 
such cysts are an unusual type of hematoma; that they are of an aneurys- 
mal nature; that they are due to embolic or thrombolic infarction. The 
factor of trauma must also be considered. 

Pathology. Simple cysts, in contradistinction to polycystic disease, 
are usually unilateral, though bilateral occurrence is occasionally en- 
countered. The latter, however, is rare. There is apparently no pre- 
dilection for either side, the right and left sides being involved about 
equally. 

The cyst may be situated in any portion of the kidney. The pre- 
dominant location is the lower pole, but a goodly number are found in 
the upper pole, and a few, like the large calcified cyst reported by Kinvin 
in 1926, are found in the medial portion. Although the terms “simple 
cyst" and “solitary cyst” are often used interchangeably, actually these 
cysts are by no means invariably solitary; there may be two, three, or 
even more of them, though one is always much larger than the others. 
When multiple large cysts are present, some may be unilocular and others 
multilocular. Serous and hemorrhagic simple cysts may also occur in 
the same kidney, a fact which, in the opinion of some writers, favors tire 
theory that the latter begin as serous cysts Multiple large cysts must 
be differentiated from polycystic disease. 

Simple cysts vary considerably in size and may reach enormous dimen- 
sions. Of 32 large solitary cysts reported by G. W. Fish, the largest 
contained 10 liters and the smallest approximately 350 cc. In our scries, 
the largest cyst was 40 cm. in diameter. 

The exact part of the renal parenchyma from which a given cyst has 
arisen is very difficult to discover at the advanced stage of development 
at which most renal cysts are first observed; hence there is some difference 
of opinion as to whether the cortical or the medullary substance most 
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often gives rise to cyst-formation. It is now generally believed, however, 
that the cyst usually arises in the cortex near the surface, and has no 
communication with the pelvis. 



Fic. 323. Calcified solitary cyst of the kidney. Sectional view. The cyst arises from 
the medial portion of the kidney, and has no communication with the renal pelvis. Male, 
aged 43 years. (Kira in’s case.) 

The cyst is usually densely adherent to the renal parenchyma. The 
cyst wall is composed of fibrous tissue poorly supplid with blood vessels, 
and is sometimes thin, again indurated and thickened, and occasionally 
calcified. Ordinarily the internal surface is smooth and regular, but 
occasionally there are grooves and furrows and incomplete septa, sug- 
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gesting the multiple origin of what appears as a single, unilocular cyst. 
As a rule, the cyst is partly lined with epithelium of a fiat or cuboida! type, 
but evidence of an epithelial lining may be entirely lacking. The renal 
tissue in contact with the cyst wall usually shows atrophic changes. 

The content of the cyst, if uncomplicated by infection or hemorrhage, 
is a clear, yellowish, watery fluid containing albumin, chlorides, phos- 
phates,* cholestrin crystals, epithelial cells, a few leukocytes, and, occa- 
sionally, traces of urea. 





Fic. 324. Calcified solitary c\ st. The pyelogram shows the cyst held in the grasp of the 
renal pelvis. Note ptosis of the kidney and kinking of the ureter, due, probably, to the weight 
of the cyst. (Kinun’s case ) 


Hemorrhagic cysts contain bloody fluid or clotted blood. These 
hemorrhagic cysts are frequently malignant (13 out of 42 cases, Whit- 
more, 1936). LeComte is of the opinion that if careful examination were 
to be made, an even larger proportion of hemorrhagic cysts would be 
found to contain malignant elements in their walls. When malignancy 
is present, it is most commonly found in the portion of the cyst wall ad- 
jacent to the renal parenchyma. Carcinoma, hypernephroma, and 
sarcoma have all been observed. 

Symptoms and Signs. The nature and severity of the symptoms de- 
pend on the size and location of the cyst (or cysts), and whether the cyst 
communicates with the calyces or renal pelvis. Cysts of moderate size 
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may cause no symptoms whatsoever, and may be discovered only at 
operation for some other disorder — usually hydronephrosis, calculus, or 
infection — or at autopsy. Usually, however, when the cyst has attained 
considerable size, it gives some indication of its presence, though tliis is 
often so indefinite as to be of little diagnostic aid. Frequently patients 
give a history of vague symptoms which have been present for a long 
period of time, sometimes years. In other cases, the symptoms were 
first in evidence after some unusual physical effort or strain. 

The predominant symptoms are pain or discomfort on the affected 
side, and gastrointestinal disturbances of varying degrees, due to pressure 
of the cyst on the intra-abdominal organs. The pain varies in character, 
being at times merely a sense of intra-abdominal weight, and in other 
cases a vague discomfort or definite pain in the loin of the affected side. 
In such cases the patient himself may note a mass in the abdomen, or 
examination may reveal a palpable tumor. Often, however, no tumor 
can be palpated. Large cysts occurring at the upper pole may cause 
pressure on the diaphragm, thus producing cough, dyspnea, and pain in 
the shoulder on the affected side. 

Hematuria may be present in some cases Relative function tests 
may show unilateral reduction, but frequently only a small portion of 
the kidney parenchyma is involved and, unless there is coexisting disease, 
no effect on the phenolsulphonphthalein output will be observed. 

Diagnosis. Simple cysts of the kidney are not likely to be suspected 
and searched for unless they are large enough to produce a palpable mass, 
or to pull on the kidney and produce lumbar pain. They are frequently 
found during exploratory operation for suspected neoplasm, or are an 
incidental discovery in operations for hydronephrosis, stone, or infection. 

Preoperative diagnosis is difficult and is largely based on the roent- 
genographic and pyelographic appearance of the affected kidney. In 
unusual cases the mass may be palpated in the loin. It is often impos- 
sible to differentiate clinically between cyst and neoplasm. 

The plain x-ray film frequently shows the outline of the cyst, which 
usually appears as a smooth, globular shadow at the bottom, top, or 
center of the kidney; this, as a rule, is less dense than the shadow of the 
kidney itself. In cystic tumors, the outline of the kidney or psoas muscle, 
or both, will be recorded on the x-ray film through the shadow of the cyst, 
which is of lesser density; whereas solid tumors, due to their density, 
may completely obliterate these shadows if they overlie them (Ullman 
Reaves, 1938). 

The pvelogyam may be normal; or it may show some evidence of 
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pressure or pulling on the pelvis or calyces, together with distortion 
of the ureter and a change in the position and axis of the kidney as a 
result of the weight of the mass. There may be calyceal changes in 
the form of clubbing or crescentic deformity; or encroachment of the 
cyst may result in compression and flattening of the adjacent portion 
of the renal pelvis and calyces with, sometimes, dilatation above the 
compressed portion. 

Conditions from which cyst of the kidney must be differentiated are 
renal neoplasm, hydronephrosis, gall-bladder disease, cysts of the liver, 
spleen, and pancreas, ovarian tumors, and other tumors of the adjacent 
organs. A cyst may be differentiated from a large hydronephrosis by 
the absence of pyelectasis and of urinary retention, and by the relation 
of the shadowof the cyst to the pyelogram and to the ureter. 

Prognosis. The prognosis, unlike that of polycystic disease, is good. 
Since these cy'sts tend to grow out from, rather than into, the kidney sub- 
stance, destruction of the renal parenchyma by compression occurs only 
in the area immediately adjacent to the cyst, and usually is minimal. 
Conservative surgery, therefore, frequently suffices. 

Treatment. Operation is the treatment of choice except when contra- 
indicated by associated disease making surgery inadvisable (Operative 
Treatment of Renal Cysts, p. 1688). Aspiration through the loin, fol- 
lowed by the instillation of a sclerosing material, such as 50 per cent 
dextrose, gives good results when operation is not deemed advisable, 
and the danger of spreading a malignant process or producing infection 
is negligible (G. W. Fish, 1939). 

(2) MULTILOCULAR RENAL CYSTS 

Multilocular renal cysts are apparently very rare. Meland and 
Braasch, reporting 6 cases from the Mayo Clinic in 1933, were able to 
find only 4 previous reports. 

Etiology. The same factors which probably operate to produce most 
unilocular simple renal cysts — namely, localized interference with the blood 
supply, together with tubular obstruction — are responsible for the 
development of multilocular cysts. In the former, however, there is at 
the beginning a single cavity; whereas, in a multilocular cyst, several 
cavities arise at the beginning and subsequently enlarge and join together 
to form a many-chambered cyst. The fact that some unilocular cysts 
show incomplete septa suggests that they have formed by the fusion of 
the walls of a number of smaller cysts. Had such fusion of the individual 
walls failed to take place, a multilocular cyst would have formed. 
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Pathology. Multilocular cysts, like unilocular simple cysts, are almost 
always unilateral and involve a localized area of the kidney, most com- 
monly the lower pole. The cyst may contain only 3 or 4 chambers, or as 
many as 30 or more. The dividing walls are entire. Microscopically, 
the walls of multilocular and unilocular cysts are similar. Serous and 
hemorrhagic types may occur. 

Symptoms: Diagnosis: Prognosis. What has been said above regard- 
ing the symptoms, signs, diagnosis, and prognosis of solitary cysts applies 
also to the multilocular type. Symptoms and signs are produced because 
of the size and position of the cyst. 

The main point in diagnosis is to differentiate multilocular cystic 
kidney from congenital polycystic disease. Their only point of simi- 
larity is the multiplicity of cystic cavities. Polycystic disease is bilateral 
and diffuse, while multilocular cysts are unilateral and localized. Multi- 
locular cysts produce only pressure symptoms, while polycystic disease 
produces renal insufficiency, tumor, and, frequently, hematuria. 

Treatment. The treatment is surgical, and similar to thatof unilocular 
cysts (Operative Treatment of Renal Cysts, p. 1688). 

Tumors of the Renal Pelvis and Kidney 

There are numerous definite varieties of tumors involving the kidney, 
depending upon their origin. By far the most common tumors in adults 
are the carcinomas of the renal parenchyma, particularly the large, 
clear-celled adenocarcinomas commonly referred to as “hyperne- 
phromas.’' Much less often, in adults, one sees papillary tumors 
arising from the mucosa of the pelvis and calyces. In children, the 
clinically important tumor is the embryonal mixed growth usually called 
Wilms’ tumor. 

For the sake of convenience, we will consider renal tumors under 
three major heads: (1) tumors of the renal pelvis, (2) tumors of the renal 
parenchyma in children, (3) tumors of the renal parenchyma in adults. 

(1) Tumors of the Renal Pelvis 

Tumors arising in the renal pelvis and calyces constitute an entirely 
different group from those having their origin in the parenchyma. They 
may be benign or malignant, and pathologically are akin to tumors 
arising in the vesical and ureteral mucosa. The majority are epithelial, 
about 75 per cent being of the papillary variety. 

Incidence. Primary tumors of the renal pelvis are rare in comparison 
with those arising in the parenchyma of the kidney. Judd (1019) found 
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only 3 primary tumors of the pelvis in 207 cases of kidney tumors at the 
Mayo Clinic; Israel and Israel found 6 pelvic tumors among 126 cases 
of renal neoplasm; MacKenzie and Ratner (1932) estimated that only 
5 to 7 per cent of all renal tumors occur primarily in the pelvis- Of 318 
nephrectomies for renal tumor reported by Hunt in 1927, 23 were for 
primary epithelioma of the pelvis; of 55 nephrectomies for renal tumor 
reported by Thomson-Walker in 1929, 10 were for pelvic tumors. 

Most of the tumors occur in individuals between the ages of 40 and 
65 years, although pelvic tumors have been seen in the very young and 
the very aged. The papillary growths are found more often in men than 
in women; the squamous-cell tumors about equally in both sexes. The 
right side appears to be affected slightly more often than the left. 

Etiology. The origin of tumors of the renal pelvis is still uncertain. 
Non-papillary pelvic neoplasms are frequently associated with renal 
stone (11 of 43 cases, Kretschmer; 5 of 18 cases, Cabot). With the 
papillary growths, associated calculous disease is less common. Chronic 
irritation and infection, by producing leukoplakial changes and other 
forms of metaplasia of tissue, probably play a prominent part' in the 
causation of the squamous-cell type of carcinoma. The rare mixed 
tumors are undoubtedly' embryonic in origin. 

Pathology. The vast majority' of tumors of the renal pelvis arise 
from the mucous membrane lining the pelvis and calyces. Tumors of 
connective tissue or of embryonal origin, such as sarcoma, myxoma, 
angioma, and mixed tumors, have been reported, but are very rare. 

Renal pelvic tumors may be divided into the following: 

I. Papilloma (benign) 

2 Papillary epithelioma 

3 Papillary carcinoma (infiltration) 

4 Alveolar or scirrhous carcinoma 

5. Squamous-cell carcinoma 

6. Sarcoma 

7. Rhabdom>oma 

8 Myxoma 

9. Angioma 

10. Fibroma 

11. Mixed types 

Papillary Tumors. Pathologically, the papillary tumors ol the renal 
pelvis, like the familiar papillary neoplasms of the bladder, arc (1) the 
papilloma, (2) the papillary epithelioma, and (3) the papillary carcinoma. 


Epithelial tumors (papillary) 


Epithelial tumors 
(non-papillary) 


1 Connective tissue and embryonal 
tumors (very rare) 
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The papilloma is usually multiple, appearing as a villous growth which 
is very 'vascular and bleeds easily. The growths may involve only a 
small area, or be extensively distributed over the mucosa of the pelvis 
and ureter, and even of the bladder. Microscopically, the papilloma 
consists of branching clusters of stroma, composed of minute blood 
vessels, covered with many layers of transitional epithelium. The tumor 
cells are cuboidal, cylindrical, or elongated, and round-cell infiltration is 



Fig 326. Papillary carcinoma of the renal pelvis. Operative specimen, view on section, 
(a) Shows the tumor obstructing the pelvis (b) Shows the mn\ ability of the tumor, which 
is attached to the pelv ic w all by a narrow pedicle. 


present. The structure is typical and uniform. Though usually benign, 
the papilloma has a tendency to become malignant. 

The papillary epithelioma appears as a villous or warty, ramifying out- 
growth from the pelvic mucosa. It is more compact than the simple 
papilloma, and early shows a tendency to invade the submucosa. Areas 
of ulceration are often visible. Infiltration of the connective tissue 
indicates a true papillary carcinoma. Hematuria is an early symptom 
of most of these growths, because they are highly vascular, consisting 
almost wholly of thin-walled blood vessels held together by transitional 
epithelium, with, at times, a solid growth beneath this feathery exterior. 
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Differentiation between benign and malignant tumors can only be 
made after examination of different portions of the growth. Both benign 
and malignant areas may be found within a single tumor. The majority 
of these growths appear to be malignant when first encountered (Hrynt- 
schak found only 6 benign cases in a series of 63 collected from the litera- 
ture). This, coupled with the fact that primarily benign lesions fre- 
quently undergo malignant changes, or, following removal, recur in a 
malignant form, makes it necessary to consider all papillary tumors of 
the renal pelvis as potentially malignant. 

Papillary tumors of the renal pelvis may exist as single lesions, but 
usually are multiple. They may be extremely numerous, covering the 
entire mucosa of the pelvis and calyces, blocking off the latter. The 
papillary tumor is not nearly as malignant as the non-papillary type, 
but shows a marked tendency to spread downward to the ureter and 
bladder by direct extension and implantation. Kimball and Ferris 
(1934) collected reports of 74 cases from the literature, in 50 of which 
metastases appeared in the ureter and bladder; in 24 cases the ureteral 
orifice was involved, in 18 cases both the ureteral orifice and the bladder. 
Occasional!}-, there is seen one large tumor, with small growths scattered 
over the ureter and, sometimes, the bladder. As a rule, the associated 
tumors are similar in their histological structure to the pelvic neoplasm. 
The primary tumors do not confine themselves to the pelvis and calyces, 
but may invade the parenchyma of the kidney. In advanced cases, 
multiple areas are usually to be found in the renal cortex. Metastases 
occur to the regional lymph nodes, as well as to the lungs, liver, adrenals, 
and bones. 

Various grades of hydronephrosis and back-pressure changes often 
result from partial occlusion of the ureteropelvic junction either by the 
original tumor or by ureteral transplants. Whether by hydronephrosis 
or by the tumor mass itself, the pelvis is distended in the majority 
of cases. 

Non- Papillary Tumors. Non-papillary carcinomas of the renal pelvis 
are much less common than the papillary tumors, but occur with suffi- 
cient frequency to be of considerable clinical importance. Squamous- 
cell carcinomas make up the major part of this smaller group. 

The alveolar carcinoma is large, infiltrating, highly malignant, and 
metastasizes rapidly to any part of the body. It is probably a far- 
advanced papillomatous growth which has lost its papillary character 
and has assumed an alveolar or scirrhous type of growth (MacKcnzie 
and Ratner). 
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The squamous-cell carcinoma of the renal pelvis is a highly malignant 
tumor which has an insidious onset and runs a rapid and fatal course. 
Gilbert and MacMillan, in an exhaustive study of the literature in 1934, 
collected 57 proven cases, including 2 of their own; to these Kutzmann 
(1938) added 15 cases not included in Gilbert and MacMillan’s survey, 
as well as 8 later cases and 1 personal case. Lazarus (1938) reported 
1 case, making a total of 82 cases up to 1938. Chronic infection, leuko- 
plakia, and calculus are frequently associated with squamous-cell car- 
cinoma of the renal pelvis and are believed to play an important role 
in its causation. 

The squamous pelvic tumor is a grayish, extensively indurated, infil- 
trating growth which extends over a limited portion of the mucosa. 
These carcinomas are usually quite large, and are of the flat and ulcera- 
tive type, but occasionally they tend toward a papillary formation. 
Microscopically, the squamous qualities are usually seen to be pro- 
nounced. There is often cornification and pearl-formation. Occa- 
sionally, a form of less well-differentiated squamous-cell carcinoma, with 
lessened or no cornification, is encountered; this is a less characteristic 
type and is often confused with some of the other carcinomas of the 
papillary type in the renal pelvis. The squamous-cell tumors are highly 
malignant and present a very poor prognosis since they early invade 
the surrounding structures. They have a tendency to infiltrate the 
pelvic wall, with secondary involvement of the kidney. Direct exten- 
sion to the vena cava and to the regional lymph nodes occurs quite often, 
and metastases to the lungs, adrenal, peritoneum, bones, and vertebrae 
are common. 

Signs and Symptoms. There is no pathognomonic clinical syndrome. 
Hematuria, pain, a palpable tumor in the kidney region, and the passage 
of tissue comprise the chief signs and symptoms. 

Hematuria, which usually is intermittent and, in the papillary tumors, 
profuse, is the most frequent symptom (70 to 80 per cent of the cases). 
The blood gradually increases in amount and later gives rise to clots, the 
passing of which may be painful. Obstruction of the ureter by a clot 
may result in hematonephrosis. The solid epidermoid tumors, being 
more avascular, do not usually cause as profuse bleeding as the papil- 
lary growths. 

Tumors located at the pelvic outlet early produce obstruction with 
retention. In cases with hydronephrosis or hematonephrosis due to 
obstruction, the enlarged organ can be readily felt; otherwise the palpa- 
tory findings are likely to be negative. 
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Pain is not a constant symptom, but is present in many cases. When 
due to an obstructive hydronephrosis, it is dull in type and localized 
to the kidney area; when caused by obstruction due to blood clot, tumor 
tissue, or associated calculus, it takes the form of a typical renal colic. 
Pain is a more prominent symptom in the non-papillary tumors, which 
is probably due to the more frequent association of concomitant disease, 
such as calculus and severe infection. 

The passage of tissue is not infrequent and is highly suggestive. Uri- 
nary symptoms — frequency, urgency, dysuria — occur when there is con- 
comitant infection or when the bladder is irritated by blood clots or 
pieces of tissue. 

Loss of weight and strength, anemia, and cachexia occur late and 
with metastases. 

Diagnosis. The preoperative diagnosis of renal pelvic tumor is rela- 
tively difficult. In the past, a diagnosis of parenchymal tumor has 
been made in most cases and the primary pelvic involvement revealed 
upon surgical intervention. There is no known method of clinically 
differentiating between the papillary and squamous-cell tumors, and a 
preoperative diagnosis of the latter is not known to have been made. 
Of 55 cases of squamous-cell carcinoma collected by Gilbert and Mac- 
Millan in 1935, the preoperative diagnoses were as follows: tumor, 20; 
renal calculus, 20; pyonephrosis, 3; tuberculosis, 1; no diagnosis, 11. 

The diagnosis is based on the history, examination of urine, and cys- 
toscopy and pyelography. 

A history of intermittent hydronephrosis, with hematuria and dull 
or colicky pains, is extremely suggestive of a pelvic or ureteral neoplasm, 
but may also occur with other pathological conditions of the upper 
urinary tract. 

Examination of the urine is frequently more significant in tumors of 
the renal pelvis than in those of the parenchyma. Sometimes particles 
of tumor tissue may be discovered in the urine obtained by ureteral 
catheterization— an important diagnostic point. Severe bleeding after 
the introduction of a catheter into the pelvis or upper ureter should 
arouse suspicion of a renal pelvic tumor. 

Cystoscopic examination is important in order to determine the site 
of the bleeding and the function of the opposite kidney. Inspection 
of the bladder may reveal tumor transplants about a ureteral orifice or 
in the adjacent vesical wall, which may confirm the suspicion of similar 
tumors in the pelvis or ureter. 
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The diagnosis of renal pelvic tumor is made chiefly by ✓urographic 
study. Intravenous urography may be of assistance in certain cases, 
but delineation by this means is seldom as cleancut as by retrograde 
pyelography. Sometimes, however, ureteral catheterization may be 
impossible and intravenous urography must then be relied on. 

Depending on the size and location of the tumor, the pyelogram may 
disclose filling defects and disturbances of the normal contour of the renal 
pelvis. A primary pelvic papillary epithelioma may be so small as not 
to give a filling defect in the pyelogram. Even when defects are present, 
they are often difficult to interpret aright. If the tumor lies in the pelvis, 
there may be distention of the pelvis, with, often, an apparent oblitera- 
tion of one or more of the calyces due to blockage of the primary calyx 
or calyces by the tumor. The contour of the pelvis may be hazy and 
irregular. Hydronephrosis may be present, and when associated with 
complete blockage at the ureteropelvic junction, may be very large. 
The kidneys may be of normal size and contour, or enlarged and irregular. 

The filling defects noted in the pyelogram may be the result of tumor 
or of (1) non-opaque calculi, which sometimes produce filling defects 
that simulate those due to intrapelvic or intracalyceal tumors (these can 
usually be excluded by passing wax bougies and obtaining definite 
scratches); (2) inflammatory granulomas and pyelitis cystica; (3) incom- 
plete filling of the pelvis due to insufficient dye; (4) blood clots in the 
pelvis or ureter, or a combination of tumor and blood clot. The definite 
exclusion of blood-clot filling defects may be difficult or impossible. 
Lavage of the pelvis and ureter, with the subsequent repetition of pyelo- 
ureterography, and comparison of the pyelograms taken before and after 
pelvic lavage, will usually help to clarify the diagnosis. 

Nephrotomy and careful inspection of the kidney is the only satis- 
factory means of diagnosis when the history and urological study point 
strongly to tumor. 

Differential Diagnosis. The chief pathological conditions to be dif- 
ferentiated are tuberculosis of the kidney, renal calculus, pyelonephritis, 
and tumors of the renal parenchyma. 

Prognosis. The prognosis of non-papillary tumors is very poor. The 
primary mortality of squamous-cell tumors is high, and even those who 
survive the operation usually die within 6 to 9 months. There is no 
5-year cure on record. These tumors are highly malignant, and early 
invade the renal parenchyma and retroperitoneal tissues, and metas- 
tasize extensively to distant organs and tissues. It is apparent that if 
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the patient is to live, very early treatment must be instituted. Unfor- 
tunately, the majority of these patients are not seen until the growths 
have extended beyond the hope of cure. 

Alveolar carcinoma also tends to run a rapidly fatal course, metas- 
tasizes early and widely, and carries a very poor prognosis. 

In papillary tumors, the prognosis is somewhat more favorable. Papil- 
lary carcinoma is the less malignant of the cancerous lesions of the renal 
pelvis, runs a slower clinical course, and offers the better prognosis. It 
metastasizes by implantation into the ureter and bladder, or extends 
directly into the ureter, but distant metastases occur late and are not 
widespread. Generally speaking, if not too far advanced, this tumor 
offers a relatively good prognosis when treated by nephro-ureterectomy 
with removal of the adjacent portion of the bladder wall. 

The papilloma is a benign growth, but clinically it is potentially malig- 
nant and has a tendency to involve the ureter and bladder by implanta- 
tion. Recurrences following removal are common and may occur many 
years after treatment, and such recurrences are usually carcinomatous. 
The prognosis should therefore be guarded. 

Treatment. Because of the frequency of secondary implantation 
along the urinary tract, the operation of choice in most cases of papil- 
lary tumors of the renal pelvis is nephro-ureterectomy, with resection, 
or destruction by diathermic means, of that part of the bladder wall 
which includes the intramural portion of the ureter. Less radical pro- 
cedures have proved, in the past, insufficient for a cure. Not only in 
papillary carcinoma, but in simple papilloma as well, there is a high 
incidence of recurrence in the ureteral stump or bladder following con- 
servative surgery, making later intervention necessary’- In all cases, 
whether the ureter is involved or not, we advise that the duct be re- 
moved, together with the portion of the bladder wall containing the 
ureteral orifice. This we do because in two of our own cases the ure- 
ter was not involved at the time nephrectomy was done; nevertheless, 
both of these patients died from carcinoma of the bladder — one 2 years 
and the other 5 years after nephrectomy. Occasionally, because of 
the patient’s poor condition, it may be advisable to perform nephro- 
ureterectomy in two stages, the nephrectomy first and later the 
ureterectomy. 

Early nephrectomy is the only treatment known for the highly malig- 
nant, infiltrative, non-papillary tumors, and this has been of little avail 
since no 5-year cures are known. Since these tumors possess little tend- 
ancy to involve the ureter and bladder, the usual nephrectomy, with 
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removal of the upper portion of the ureter, suffices. The results of 
surgery have been very unfavorable in these cases since, as a rule, the 
growths have already transgressed the boundaries of the pelvis when 
they came under observation, and extensive secondary infection are 
usually present. 

Judging from the absence of reports in the literature, the use of deep 
x-ray therapy is of little value in. the treatment of tumors of the renal 
pelvis, though a few make use of it postoperatively and in advanced, 
inoperable cases. 

(2) Tumors of the Renal Parenchyma in Children 

Malignant tumors of the renal parenchyma which occur in the first 
decade of life differ markedly from malignant renal tumors developing 
in adult life. The former are of embryonal or teratoid origin; the latter 
are largely of epithelial origin. Adenocarcinoma (hypernephroma) is 
exceedingly rare in infancy and childhood. The common renal tumor 
of children is a mixed growth— the so-called adenomyosarcoma of Wilms. 

Histologically benign tumors — rhabdomyomas, fibromas, leiomyomas, 
adenomas, and tumors of mixed adenomatous structure — are of rela- 
tively frequent occurrence in children, and usually are multiple. They 
will be considered in connection with benign renal tumors in adults. 

EMBRYONAL ADENOMYOSARCOMA (WILMS’ TUMOR) 

The commonest renal neoplasm found in children is a mixed tumor of 
embryonal origin, which has been variously designated, but is most fre- 
quently called embryonal adenomyosarcoma, or Wilms’ tumor. It is 
extremely malignant and results in a very high mortality. Only an 
occasional cure has been reported. 

Incidence. With the possible exception of the eye, the kidney is the 
most common site of malignant tumor in infants and children, the great 
majority of renal neoplasms being of the Wilms’ type. Embryonal 
adenomyosarcoma is, however, of relatively infrequent occurrence, 
though the many articles on this subject which have appeared in recent 
years give one the impression that this is a very common tumor. E. T. 
Bell (1938) found only 5 examples in 30,000 necropsies “in which chil- 
dren were proportionately represented.” 

This type of tumor has been observed in the newborn infant and even 
in an 8-months’ fetus (Cutler and Buschke). Three quarters of the cases 
occur in the first 5 years of life, when other renal neoplasms are very 
rare. In the later decades, when other kidney tumors are fairly common, 
one rarely encounters a Wilms' embryoraa. 



1554 


CLINICAL UROLOGY 


Sex is apparently not an important factor; in some series there is a 
slight predominance of males, in others of females. 

Occurrence is approximately equal on the two sides. In a small per- 
centage of the cases there is bilateral involvement; when this occurs, it 
may be difficult to ascertain whether both tumors are primary or whether 
one is a metastatic growth. 

A familial tendency is noted by some observers. Deutike (1931) 
reports a case in a 2-year-old child whose brother had died with a similar 
tumor at the same age. Maslow (1940) published a report of 3 cases 
and a possible fourth in the same family; these were collected at the 
Urological Clinic in the University of Budapest, Hungary. 

Pathogenesis of Wilms’ Tumor. The origin of mixed renal tumors has ' 
been the subject of much controversy, and the facts of pathogenesis are 
still largely a matter of surmise. Most present-day observers agree that 
the tumors are embryonal in that they arise in the region of the develop- 
ing kidney. The various theories of origin have been summarized as 
follows (Fraser): 

1. The tumors owe their origin to inclusions of wolffian tissue which have become 
displaced, and which persist among the cells of the developing kidney or metanephros. 

2. The tumors arise from aberrant cells of the myotome and sclerotome, the 
apparent mixed character being explained by the varying constituents which enter 
into the ultimate formation. 

3. The tumors are not due to inclusions from extrarenal sources, but they are true 
kidney, the embryonic tissue persisting and becoming metamorphosed into cellular 
structures of various types. 

Eberth, in 1872, gave the first accurate histological description of a 
mixed tumor of the kidney. Prior to that date, all malignant tumors of 
the kidney, both in children and in adults, were considered as being of a 
carcinomatous nature. Eberth called attention to the heterogeneous 
character of the tumor, and attempted to explain the presence of the 
muscular elements by attributing their origin to inclusions of the wolffian 
body, the connective tissue of which contains an abundance of embryonal 
muscle cells. The theory of origin from the wolffian body is associated 
chiefly with the name of Birch-Hirschfeld, who, in 1894, reviewed the 
cases of mixed renal tumor in the literature and was the first to designate 
the growth as embryonic adcnosarcoma. Busse subsequently challenged 
the theory of Eberth and Birch-Hirschfeld on the ground that remnants 
of the wolffian body did not appear ever to have been found in the 
human kidney. 
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Wilms, in his classical monograph on mixed renal tumors, published 
in 1899, postulated that these growths originate very early in embryonic 
life from fragments of primitive undifferentiated mesodermal tissue of 
a type which, in the course of normal development, gives rise to the cells 
of the myotome (source of striated muscle), the sclerotome (primitive 
vertebral tissue), and the nephrotome (wolffian body anlage). Some 
of these undifferentiated cells may concentrate at the site of the develop- 
ing kidney and, through a process of metaplasia, may later give rise to 
tumor masses in which may be found striated muscle, smooth muscle, 
and cartilage. Fifty-one cases of mixed renal tumors were analyzed 
by Wilms, who established this lesion as an entity. 

A theory directly opposed to Wilms’ view is that advanced in 1899 by 
Busse, namely, that the mixed renal tumor arises at a much later date, 
from the metanephros, and that the various types of tissue develop by 
a process of metaplasia. Miras, in the same year, called attention to 
the similarity of this type of tumor and the histological structure of the 
embryonic kidney. 

The hypothesis that these tumors arise from the embryonic tissue of 
the true kidney later received support from Nicholson (1931), who 
regarded the presence of glomeruli as evidence of metanephric origin. 
This author is of the opinion that the mixed renal tumor represents natu- 
ral and physiological forms of growth “which can be referred to the 
action of elementary biologic principles, instead of the pathological and 
monstrous theories devised to explain them.” He examined an embry- 
onal renal tumor from a full-term fetus, and states that the tumor resem- 
bles, and represents, a malformed embryonic kidney. Stem and Newns 
(1937) object to this view on two grounds: (1) that it cannot explain the 
presence of the muscle fibers which have been observed in a fairly high 
proportion of these tumors, and (2) that the tumors are seldom in or 
incorporated with the kidney. They argue that “if the tumors are to 
be regarded as part of the developing kidney, it would be expected that 
they should be incorporated in the kidney substance and situated in the 
interior of that organ.” 

Ewing also favors the theory that these tumors are derived from the 
renal blastema. 

Geschicktcr and Widenhorn (1934) relate mixed renal tumors to embry- 
onic nephrogenic tissue. Approximately two- thirds of all Wilms’ tumors, 
they claim, are neither teratomatous nor mixed, but “represent a neo- 
plastic exaggeration of the normal developmental processes occurring in 
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the growth zones of the renal cortex in the late fetal life or in the first few 
months after birth.” They state that the presence of muscle, cartilage, 
or bone in the remaining one-third of these tumors is readily under- 
stood wheii one considers "that the more undifferentiated mesenchymal 
spindle cells found in the normal nephrogenic tissue in the process of 
development may retain the multiple potentiality for the elaboration 
of all the normal mesenchymal derivatives.” 

From a careful review of the various theories of pathogenesis, we 
get the impression that modem observers are about equally divided 
between (1) the theory that these tumors originate very earl)’ in embry- 
onic life, from a multipotential cell, and (2) the theory that they originate 
at a much later stage, from the embryonic tissue of the true kidney. 

Pathology. The 'Wilms’ tumor is a large, solid, grayish-white, encap- 
sulated tumor of variegated histology. It is usually separated from 
the kidney by a layer of tough connective tissue. The capsule of the 
tumor blends with that of the kidney and with this membrane. Occa- 
sionally, the tumor will be found to fuse with the kidney, but usually it 
is well delimited from the renal tissue until late in the course of the 
disease, when invasion and perforation of the capsule occur. While still 
confined by its intact capsule, the tumor tends to maintain a spherical 
shape; but when the capsule is broken through, the unrestrained tumor 
rapidly sends out irregular projections into the surrounding tissues. 
Hemorrhagic or softened areas, and a more or less cystic structure are 
not uncommon findings. 

These tumors appear to favor the lower pole of the kidney, but they 
have often arisen from the upper pole and from the middle (convex) 
portion of the kidney. Following a period of relatively slow activity, 
they grow rapidly and to a large size. Growth is by expansion rather 
than by infiltration. The tumor rapidly destroys the kidney, mainly 
by compression — the expanding growth usually causing pressure atrophy 
of the kidney remnant. The pelvis of the kidney may be normal or 
dilated, but usually is compressed. 

Histologically, these tumors are composed of a variety of tissues, and 
the microscopic picture will naturally vary with the types of tissue 
present and predominating. The distinctive feature which they have 
in common is the association of epithelial with connective tissue. In 
some instances, a great variety of tissues may be found in a single growth. 
In others, one type of cell may predominate. Probably, many cases 
reported as sarcomas in the literature actually are mixed tumors which 
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have undergone development in one direction. Frequently, the adeno- 
sarcomatous elements predominate, while occasionally the picture will 
resemble that of a carcinoma. Rudimentary glomeruli are seen fairly 
often. Other elements found in these tumors are non-striated and 
striated muscle fibers, cartilage, myxomatous tissue, and, occasionally, 
bone and fat. At present, the histological classification of these hetero- 
geneous renal tumors occurring in infancy and childhood is of interest 
only to the pathologist. Clinically, despite their varied histological 
features, they are considered as one group. 

Metastases and Extensions. The tumors metastasize relatively late, 
despite their high degree of malignancy and rapid growth. Metastases 
are chiefly by way of the blood stream to the lungs and liver. After 
the tumor has broken through its capsule, there is involvement of the 
retroperitoneal nodes and extension to the neighboring structures by 
direct infiltration. Fixation to the liver, pancreas, colon, duodenum, 
stomach, or aorta occurs in a high percentage of the cases. Extension 
into the renal vein or its branches, and invasion of the renal pelvis, are 
often encountered. The tendency of these tumors to recurrence follow- 
ing removal is pronounced. 

Signs and Symptoms. The symptom that leads to the discovery of 
the tumor in the great majority of cases is the presence of a swelling on 
one side of the abdomen, in the upper quadrant. This is usually painless, 
and as a rule is first noted by the mother or nursemaid when bathing 
the child. The swelling is always progressive. The size of the tumor 
varies in each case. Occasionally it may be so large as almost to fill the 
abdomen. * 

The presence of a tumor mass is the only constant symptom in these 
cases. However, a number of other symptoms are often associated with 
the tumor: pain, weakness, pallor, fever, gastrointestinal disturbances, 
and hematuria. Fever is a common symptom. Pain, as a rule, does 
not occur until later in the course of the disease, when adhesions have 
formed or the tumor has attained sufficient size to press upon other 
organs. The pain may also be due to tension on the peritoneum and the 
nerve plexus by the weight of the mass. Growth of the tumor displaces 
the intestines, producing gastrointestinal disturbances, such as nausea, 
vomiting, colicky pain, and constipation; while upward displacement of 
the diaphragm causes interference with breathing. Pressure on the 
abdominal veins may produce edema of the lower extremities. Apathy, 
loss of weight, and symptoms of marked anemia are frequently noted. 



1558 


CLINICAL OTOLOGY 


These usually occur with progress of the disease; but sometimes list- 
lessness, pallor, and anorexia are the first symptoms observed, and anemia 
and emaciation develop early. 

In general, urinary symptoms are of secondary importance in these 
cases. Often they are absent. Frequency, burning on urination, al- 
buminuria, and hematuria are the symptoms most often noted. In rare 
instances, pressure on the opposite ureter by the tumor may cause 
anuria; or anuria may occur by reflex action from the diseased kidney. 

Hematuria is infrequent (10 to 25 per cent of the cases, Dean and 
Pack). It is always intermittent, and is not an early sign. Though 
hemorrhage within the tumor is common, the delimitation of the tumor 
from the kidney, and the fact that the walls of the calyces remain intact 
in most cases, prevents the blood from entering the urine. 

Hypertension is often associated with Wilms’ tumor (14 of 18 cases, 
W. E. Daniel, 1939), and has been attributed to the renal ischemia. 
Bradley and Pincoffs reported 5 cases of Wilms’ tumor with hyper- 
tension; in all 5 cases the hypertension was cured by removal of the 
tumor, but in 2 it recurred with recurrence of the metastases. These 
authors therefore feel that the tumor tissue in these cases must have a 
property possessed by renal tissue when it has been altered by certain 
types of damage— namely, the property of causing, through as yet un- 
known mechanisms, an abnormal elevation of the arterial pressure. 

Diagnosis. The diagnosis of Wilms’ tumor in a child is not usually 
very difficult. It is based on the clinical history, physical examination, 
and pyeJograpbic evidence. 

The main symptoms are those of enlargement of the abdomen and 
symptoms due to pressure on the adjacent organs. 

On abdominal palpation, the tumor usually feels solid, smooth, and 
rounded, though occasionally it feels nodular. As a rule, it is not tender. 
By bimanual examination, the tumor’s location in the kidney region can 
be determined. The veins over the abdomen may be dilated because of 
compression of the vena cava by the tumor. Ascites and terminal 
edema may be present. 

The plain x-ray is rarely diagnostic. 

Cystoscopy and pyelography, on the other hand, may give valuable 
diagnostic and differential diagnostic data, as well as esscntial t informa- 
tion regarding the presence and functional ability of the opposite kidney. 
Xo infant of either sex is too young lor a complete urological examina- 
tion. Intravenous urograms are usually less satisfactory. The most 



INJURIES AND DISEASES OF KIDNEY 1559 

frequent pyelographic findings are (1) compression and elongation of 
the calyces and pelvis; (2) lateral displacement of the renal pelvis by 
the tumor mass, or downward displacement if the tumor arises from the 
upper pole; (3) failure of the pelvis to visualise. Kretschmer states 
that the last may be due to the fact that there is only a small amount 
of functioning parenchyma left, or, in the case of a large tumor, to obscu- 
ration of the pelvic outline by the tumor shadow. It must be remem- 
bered that an absolutely normal-appearing pyelogram may exist in the 
presence of a very large embryoma. 

Aspiration biopsy, or incision of the tumor to obtain histological 
material, is unsafe and unwise, since once the capsule is disrupted, the 
chief defense against rapid extension of the tumor and implantation is 
broken down. 

Dijjereiilial Diagnosis. Though the Wilms’ embryoma is by far the 
most common abdominal tumor in children, certain other tumors must 
be considered in the differential diagnosis. Those most likely to give 
difficulty are: the relatively common neuroblastoma which arises from 
the medulla of the adrenal gland and which also is of rapid growth (pre- 
operative differential diagnosis may be impossible); adenocarcinoma 
(very rare in childhood); and the retroperitoneal embryoma of renal 
anlage origin. Wilms’ tumor must also be differentiated from polycystic 
kidney, tumors of the liver, omental and pancreatic cysts, ovarian tumors, 
and splenic enlargements. The last are distinguished by the blood 
picture. 

Prognosis and Treatment. There is some difference of opinion as to 
the most desirable plan of treatment of these tumors. Nephrectomy 
and deep x-ray therapy, alone or in combination, are the methods of 
treatment now being utilized. Neither form of treatment has given 
satisfactory results. The prognosis in these tumors is always very 
grave. Without treatment, the child invariably dies, usually within a 
relatively short period of time. With treatment, by any of the accepted 
methods, the results are almost equally cheerless. The mortality, early 
and late, is extremely high, due to the large size which the tumor gener- 
ally has reached when it comes under observation, and to the high malig- 
nancy of the growth and the strong tendency to recurrence. The reports 
of cures, the duration of which Can be stated in years, are very few. 

The malignant renal growths of young children can often be removed 
with surgical success, but the likelihood of recurrence is so great that 
the outlook in all cases is exceedingly gloomy. In some cases, metastasis 
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begins early, often before the presence of the primary growth is suspected. 
The surgeon must constantly keep in mind the fact that the size of the 
tumor mass is no criterion of its malignancy, and, unless definite me- 
tastases are made out, operation is advisable. Even if metastases exist, 
and there is great distress due to pressure by the tumor, a nephrectomy 
will bring sufficient relief to warrant its performance. The age of the 
child should not influence the decision to operate, since it has repeatedly 
been proved that nephrectomy can be safely carried out in a very young 
infant and, without operation, the outcome is inevitably fatal. 

The majority of authors at present favor a combination of preoperative 
deep x-ray therapy and nephrectomy. Most Wilms’ tumors are radio- 
sensitive, though radioresistant forms occur — the degree of response 
depending upon the proportion of sarcomatous elements (the radio- 
sensitive portions) to the more radioresistant epithelial constituents. 
Some authors have attempted to rely upon deep x-ray therapy without 
nephrectomy, but, with a handful of isolated exceptions, it has not been 
possible to effect a cure of these tumors by irradiation alone, since the 
growths recur as rapidly as they regress and recurrences are radioresistant 
to a greater or less degree. 

Preoperative irradiation, by shrinking the tumor, has facilitated opera- 
tion and reduced the primary mortality in numerous cases, and has 
frequently rendered inoperable tumors operable. However, it does not 
appear to have improved the end-results. That irradiation prevents 
dissemination of the tumor cells is doubtful. Indeed, there arc those 
who believe that it may even facilitate the spread of the growth, since 
the tumor cells are not completely destroyed and it is probable that the 
active tumor cells may be picked up and disseminated more rapidly by 
the blood stream after irradiation than before it. 

Though preoperative irradiation, nephrectomy, and postoperative 
roentgenotherapy have become the therapeutic plan of choice in many 
clinics, there are some who still feel that preoperative irradiation facili- 
tates the operation and lessens the operative mortality only at the ex- 
pense of an increased late mortality. A review of the results reported 
by various authors indicates that, thus far, more apparent cures have 
been obtained by immediate nephrectomy than by nephrectomy preceded 
by a course of deep x-ray therapy. However, great strides have been 
made in roentgenotherapy in very recent years, and, since preoperative 
irradiation is now being employed in many clinics, it may soon be possible 
to more accurately evaluate its efficacy in the treatment of these tu- 
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mors. The small number of apparent cures to date, either by surgery 
alone or by surgery combined •with irradiation, makes it impossible at 
present to draw definite conclusions as to the superiority of one plan 
over another. 

The most encouraging report we have been able to find to date is that 
of Dr. William E. Ladd (1938), who reported the results of treatment in 
44 cases of Wilms’ tumor from the Children’s Hospital (Boston). Of 
these, 31 died, all but one within a year of operation. Of the 14 patients 
still living at the time of the report, 11 were regarded by the author as 
probable cures, the length of time since nephrectomy ranging from l£ to 
19J years (1$ to 5 years, 4 cases; 5? to 10 years, 5 cases; 13 years, 1 case; 
19J years, 1 case) . All of these 45 patients were treated by nephrectomy. 
Irradiation was employed in only a very few. While this author, at the 
time of his report, favored immediate nephrectomy, he recognized that 
the great strides in roentgenotherapy might possibly soon require a 
change in viewpoint. 

For removal of a tumor of the Wilms’ type in a child, the transperi- 
toneal approach is usually preferable to the posterolumbar incision. 
A rectus or a paramedian incision is the one usually employed. Many 
of these patients arc markedly anemic, and the operation should be 
preceded by blood transfusion when indicated. 

Postoperative irradiation has been employed less extensively than has 
preoperative roentgenotherapy, but has been found of some value in 
alleviating symptoms due to recurrence or metastasis, rendering the 
patient temporarily more comfortable. It is also employed in the belief 
that it may destroy tumor cells left behind (Radium and Roentgen-Ray 
Therapy of the Genito-Urinary Tract: Irradiation of Wilms’ Tumors, 
p. 1759). 

(3) Tumors of the Renal Parenchyma in Adults 

The vast majority of renaf neopfasms develop m the parenchyma. 
Parenchymal tumors are relatively uncommon, however. Prior to the 
last twenty years, renal tumors in adults were seldom diagnosed except 
at operation or autopsy. Advances in urographic diagnosis have steadily 
increased the number of cases recognized clinically, and, consequently, 
the incidence of renal tumor appears to be greater now than in the past. 
Though this increase is doubtless more apparent than real, the lesion 
presents a baffling problem to all practitioners of medicine, and one which 
demands more intensive study than has heretofore been accorded it. 
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The only hope of cure lies in the institution of treatment in the early 
stages, and diagnosis at this stage is extremely difficult. 

Age and Sex Incidence. With the exception of the Wilms’ tumor, 
which is almost always encountered in the first decade of life, tumors of 
the renal parenchyma usually occur after the fortieth year. Carcinomas, 
the common tumors of the parenchyma in adults, are most frequent in 
the sixth decade. Sarcoma may occur at any age, but is most common 
in the fifth and sixth decades. 

Renal tumors in adults occur much oftener in males than in females. 

Pathogenesis. Since Grawitz, in 1883, published his important studies 
on renal tumors, many theories of pathogenesis have been advanced, 
and many names proposed, for the various types of kidney tumors. 
This is particularly true of the common renal tumor — the large, circum- 
scribed, yellowish, soft growth usual!}' referred to as "hypernephroma/' 
a name given it by Birch-Hirschfeld in 1892. The confusion has been 
increased by the complexity of the pathological changes and the fact 
that a single tumor may contain more than one type of cell. Up to the 
present, theories of pathogenesis remain unproved, and the origin of 
these tumors is still to be determined. 

Grawitz showed that many renal tumors have a histological structure 
resembling that of the adrenal cortex, and believed that they arose from 
aberrant adrenal rests. Grawitz’s views, though widely accepted, were 
opposed by Sabourin (1884), Sudek (1893), Albarran and Imbert (1903), 
Stoerck (1908), and others, who believed that these tumors are various 
forms of true renal carcinoma, originating from adult renal epithelium. 

Although the subject is still unsettled, and no exact classification of 
renal tumors exists, the present tendency is to confine the terms "Gra- 
witz tumor” and "hypernephroma” to a restricted group of tumors whose 
structure is similar to that of the adrenal cortex, and to regard as true 
renal carcinoma most of the growths arising in the renal parenchyma of 
adults and heretofore referred to as “hypernephromas.” 

The pathogenesis of Wilms’ tumor has already been discussed (Wilms’ 
Tumor: Pathogenesis, p. 1554). 

Pathology. Despite the many attempts that have been made in recent 
years to classify renal tumors, there is as yet no unanimity of opinion 
regarding their pathological grouping and nomenclature. The confusion 
is chiefly in the differentiation— if there be any— between the hyper- 
nephromas and the clear-cell carcinomas. Clinically, the pathological 
differentiation of renal tumors in adults is important chiefly from the 
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standpoint of prognosis and reaction to irradiation. Of greatest im- 
portance is the making of a diagnosis which will be sufficiently complete 
to lead to exploration of the kidney, since the one hope of cure in all cases 
of renal cancer rests in an early nephrectomy. 

The great majority of parenchymal tumors of the kidney arise from 
the renal epithelium. Tumors of connective-tissue origin and embryonal 
tumors are relatively rare in adults. Although many present-day authors 
are inclined to discard the idea of adrenal tumors of the renal paren- 
chyma altogether, a few— -notably Ewing— are of the opinion that there 
is a relatively small group of renal tumors which are undoubtedly adrenal 
growths, with a structure exactly duplicating that of the adrenal cortex; 
these should be classified as hypernephromas, and are to be distinguished 
from the more common clear-cell adenocarcinoma. 

Renal tumors may be benign or malignant. Benign growths are 
supposedly very rare, but the fact that such tumors— usually of small 
size — are quite often observed at autopsy in subjects who gave no evi- 
dence of their presence during life would seem to indicate that they may 
be more common than has been believed. 

It is not our purpose here to enter into the controversial subject of 
classification and nomenclature. The following classification,- we be- 
lieve, includes the majority of tumors of the renal parenchyma: 

1. Carcinoma 

(1) Papillary adenocarcinoma 

a. Clear-cell (confused with hypernephroma) 

b. Granular-cell 

c. A transition form, containing both types of Epithelial tumors 

cells 

(2) Alveolar carcinoma 

(3) Malignant papillary cjstadenoma 

2. Adenoma 

3. Sarcoma, spindle-cell 

4. Fibroma: fibrosarcoma 

5. Lipoma: lipo sarcoma 

0. Leiomyoma: lelomj osarcoma 

7. Myxoma: myxosarcoma 

8 Hemangioma 

9 Adenomyosarcoma (Wilms’ tumor) \ Embryonal 

} tumor 


Co n nective- tissue 
tumors 


10. Hypernephroma 


Tumor arising from 
adrenal rests 
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Carcinoma. Carcinoma is the commonest lorm of parenchymal tumor 
in adults. Three varieties require consideration: (1) adenocarcinoma, 
(2) alveolar carcinoma, and (3) malignant papillary cystadenoma. A 
single tumor may contain features of each variety. Regardless of their 
histological peculiarities, the behavior of this group is sufficiently uniform 
to justify their consideration as a clinical entity. 



Fig. 327. Large adenocarcinoma projecting from the upper pole of a left Lidney. Opera* 
live specimen. The tumor mass is embedded in the renal substance and has grow n into the 
upper part of the pelvis. 

Papillary Adenocarcinoma. Three types of adenocarcinoma have 
been distinguished. 

Clear-cell papillary adenocarcinoma histopathologically often re- 
sembles carcinomas arising from the cortex of the adrenal, but is probably 
derived from the collecting tubules of the kidney and not from aberrant 
adrenal rests. These tumors were first described by Grawitz, and, until 
recently, were usually referred to as Grawitz tumors or hjpemephromas. 

This type of tumor is usually large, single, well circumscribed, and 
often encapsulated. It may arise from the cortex or the medulla, and 
is frequently located at either pole, though almost as often it occupies 
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the middle of the organ. On cross section, it has a characteristically 
yellowish appearance, and shows necrotic and hemorrhagic areas, with, 
sometimes, pseudocystic areas which have followed necrosis. Histo- 
logically, it is composed of papillary strands of connective tissue covered 
by large, very clear cuboidal or cylindrical epithelium. The tumor has 
a strong tendency to invade the renal vein and to produce blood-borne 
metastases in distant organs. 

There is also a type of papillary adenocarcinoma with more granular 
cells suggestive of convoluted-tubule origin. This type is non-fatty, 
less vascular, and whiter in color than the clear-cell type. Such car- 
cinomas are more apt to spread by the lymphatics than by vein. They 
infiltrate the renal parenchyma and do not produce the large, nodular 
growths more commonly seen. 

A third, transition form of adenocarcinoma contains both the clear 
and granular types of cells. 

Alveolar Carcinoma. Alveolar carcinoma is a very malignant 
form. Microscopically, it shows solid cords of clear or granular cells. 
Differentiation between adenocarcinomatous and alveolar forms is 
frequently difficult, since a single tumor will sometimes show features 
of both. 

Malignant Papillary Cystadenoma. The malignant papillary 
cystadenoma is a rare and confusing form of carcinoma of the renal 
parenchyma, which is to be distinguished from papillary adenocarcinoma. 
Ockerblad and Carlson found 15 reported cases up to 1938, and added 
1 case of their own, which occurred in a double kidney. The tumor is- 
well encapsulated, comparatively slow growing, and metastasizes fairly 
late, so that the prognosis is somewhat more favorable than that of the 
usual renal tumor. Some of these growths plainly show the transitional 
stages from benign adenomas. 

Degree of Malignancy. The gross appearance of a renal carcinoma 
differs with the degree of malignancy and of vascularity, and the pres- 
ence or absence of necrosis, hyalinization, fibrous tissue, and fat. Gener- 
ally speaking, small, well-encapsulated, vascular tumors are of a low'er 
grade of malignancy, than the large, degenerating carcinomas which 
involve almost the entire kidney' and those which infiltrate the renal 
parenchyma and grow toward the pelvis (Hand and Broders). 

The size of the tumor is not a certain criterion as to its grade of malig- 
nancy. In general, the large tumors are more apt to have formed 
metastases. 
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Metastasis and Extension; Recurrence. Spread of the tumor 
takes place in the following ways: (1) metastasis through the blood 
stream, either (a) by invasion of the renal vein, (b) by microscopic emboli 
which enter smaller vessels, or (c) extension into the vena cava; (2) 
metastasis through the lymphatics; (3) direct extension through the 
capsule; (4) direct extension to the renal pelvis, and thence to the ureter 
and even into the bladder. 

Metastasis through the blood stream is by far the most common. 
The clear-cell papillary adenocarcinoma, in particular, has a strong 
tendency to invade the renal vein and to produce distant blood-borne 
metastases in lung, liver, bone, and brain. The true infiltrating car- 
cinoma is more apt to spread by the lymphatics than through the vascular 
channels. Direct extension to the perirenal tissues occurs very 
frequently. 

Local recurrence following nephrectomy is common, and, thus far, 
deep x-ray therapy has not been very successful in preventing or con- 
trolling such recurrences. Both local recurrence and distant metastasis 
may occur many years after nephrectomy. 

Adenoma. Because adenomas, especially those of large size, are 
seldom seen, but little attention has been given them when discussing 
renal neoplasia. Cases have been reported, and the subject discussed, 
by Kretschmer and Doehring (1929), Gordon-Taylor (1930), and Bailey 
and Harrison (1937). 

Small adenomas, varying in size from 2 mm. to 1 cm. or even larger, 
are a relatively common postmortem finding in arteriosclerotic 
kidneys. They usually occur in the form of multiple discrete, 
whitish nodules located j'ust beneath the renal capsule, or they may be 
scattered over the renal parenchyma. They often occur bilaterally. 
Histologically, they are made up of irregular groups of epithelial cells 
ranged around lumina which are irregular in outline. Papillary pro- 
jections of epithelial-cell masses into such a lumen are a frequent observa- 
tion. The epithelium, however, is present only in a single layer, the 
resemblance to normal renal tubules being so close as to be frequently 
difficult of differentiation. Seldom is a mitotic figure observable. A 
definite connective- tissue capsule, uninvaded by epithelial cells, is usually 
found. These small adenomas are slow-growing, symptomlcss, and 
essential!}' benign, and have no clinical importance. 

The large adenomas, however, frequently give rise to hematuria and 
pain. Furthermore, they are potentially malignant. These tumors 
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are usually single. Histologically, they are similar to the small growths, 
but as a rule their structure will have been broken down by extensive 
necrosis. Grossly, they appear as large, circumscribed, cortical tumors 
of a yellowish or whitish color. Though classed as benign, they are 
potentially malignant and should always be viewed with suspicion. No 
certain distinctions can be made between adenomas and carcinomas. 

Large adenomas may occur at any age, even in very young children. 





Fig. 328. Osteoma of the kidney. (Specimen from collection of Dr. Marion ) 

Sarcoma. Sarcoma of the kidney is very infrequent in adults. Over 
50 per cent of the reported cases have been encountered in persons 
between the ages of 40 and 60 years. The histopathological structure 
of these tumors varies considerably, but they are all highly malignant 
and almost invariably terminate fatally irrespective of treatment. Spin- 
dle-cell sarcoma is the most common type, with fibrosarcoma, liposar- 
coma, leiomyosarcoma, and other forms of very rare occurrence. 

The symptomatology, diagnosis, and treatment are the same as in 
other large parenchymal tumors. 
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Fibroma ; Fibrosarcoma, Fibromas of the kidney, like adenomas, 
occur in two forms: (1) as small, whitish nodules, which rarely cause 
symptoms and are usually discovered at autopsy or operation for other 
causes; (2) as large, cortical growths which produce symptoms and require 
surgical treatment. These larger tumors are very rare, and may occur 
at any age. A number have been reported in young children. In most 
of the reported cases, nephrectomy was done; but if the tumor is not too 
large, and its. benign character can be unquestionably demonstrated, 
resection of the growth may suffice. ' 

Fibrosarcoma of the kidney appears to be excessively rare. 

Lipoma: Liposarcoma. Small, multiple lipomas beneath the renal 
capsule or elsewhere in the cortical tissue are sometimes encountered. 
Although occasional large lipomas have been reported, it is generally 
believed that true lipomas rarely attain a size greater than 1 cm. in di- 
ameter. It is probable that most of the larger lesions are, in reality, 
replacement lipomatosis, which originates from the pelvic fat (Replace- 
ment Lipomatosis, p. 1485). 

A few Jiposarcomas have been reported. 

Leiomyoma: Leiomyosarcoma. Benign leiomyomas, of a size to 
produce symptoms, are seldom encountered. In 1899 Oschner removed 
a leiomyo fibroma which weighed 4,600 Gm. Scattered reports of iso- 
lated cases are to be found in the literature beginning with the present 
century. Several leiomyosarcomas, usually of large size, have been 
reported in recent years (N. E. Berry, 1929; Crosbie and Pinkerton, 
1932; Cooke, 1933). In 1939, Gordon and his colleagues summed up the 
28 previously reported cases of various forms of renal leiomyoma and 
added a personal case. 

Leiomyomas, like other benign growths of the renal parenchyma, 
occur in two forms: (1) small growths found at autopsy in subjects who 
have died from unrelated causes, having given no symptoms during life; 
(2) growths which become terge enough to produce pressure and other 
symptoms, so that they are discovered during life. Tumors of the first 
class are often multiple and are to be found just beneath the renal capsule. 
They probably arise from the smooth muscle of the capsule or from the 
muscle of bloodvessels. Of the growths large enough to cause symptoms, 
the literature offers only a few examples. Macroscopically and micro- 
scopically, these tumors are similar to the common leiomyoma of the 
uterus. Because they grow rapidly, and sometimes reach a very large 
size, and are potentially malignant, nephrectomy may be advisable. 
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Hemangioma. Hemangiomas are occasionally encountered, but unless 
they attain considerable size and cause pressure or other symptoms, are 
of no clinical importance. Hematuria does not occur unless the tumor 
erodes the renal pelvis. 

Wilms* Tumor. The mixed, or Wilms’ tumor, of embryonal origin 
is usually found in the first decade of life, but in rare instances occurs in 
adults. The structure is usually that of adenomyosarcoma. This 
tumor has been described in detail elsewhere (Wilms’ Tumor, p. 1553). 

Bilateral Primary Malignant Tumor of the Kidney. Bilateral primary 
renal neoplasm is excessively rare. Forsythe, reporting a case of bi- 
lateral primary hypernephroma from the Brady Foundation, of the 
New York Hospital, in 1942, carefully reviewed the literature but was 
able to find reports of only 6 other cases. Several of these, he felt, may 
have represented metastatic lesions, and one a polycystic kidney. 

The patient seen at the Brady Foundation, a 62-year-old male, had 
complete urinary retention following hematuria of 3 days’ duration. He 
had had painless hematuria of 1 day’s duration 3 years previously. Ex- 
amination revealed a greatly enlarged, adenomatous prostate, and 
moderate abdominal distension, but no palpable abdominal masses. As 
it was thought that the bleeding was either prostatic or vesical in origin, 
catheter drainage with intermittent irrigation was instituted, with little 
change in the hematuria. Excretory urography showed poor function 
of the left kidney and no function on the right side. Cystoscopy was 
unsuccessful, due to bloody urine. Because of continued bleeding, a 
Suprapubic cystostomy was done under local anesthesia. No bladder 
tumor was found and the source of the bleeding was not discovered. 
The patient’s condition improved after cystostomy. Excretory uro- 
grams, a week later, showed no function on the right side and definite 
enlargement of the right renal shadow. At this time, the right kidney 
was palpable and much enlarged. Cystoscopy was repeated and gross 
blood was seen exuding from the right ureteral orifice. A right retro- 
grade pyelogram showed an apparent renal neoplasm with probable ex- 
tension to the pelvis and npper ureter. A right nephrectomy was done, 
after supportive treatment, including transfusions; and a kidney with 
extensive tumor involvement was removed. There was extension, which 
was inoperable, into the pedicle. The patient expired of cardiac failure 
48 hours after operation. 

Autopsy revealed tumor in the remaining portion of the pedicle and a 
tumor thrombus in the vena cava. In the midportion of the left kidney 
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was a tumor about 4x6 cm.; grossly this appeared to be a separate 
primary growth. Careful search, including x-raying of the long bones, 
failed to disclose any metastatic lesion. Examination of the heart showed 
an organized thrombus in the left coronary vessel. Microscopically, the 
tumor in each kidney showed a similar picture, being composed of large, 
clear vacuolated cells with small nuclei. The cells grew in cords and 
masses, and were well differentiated. It was felt by the pathologist that 
each tumor represented a primary lesion, although it was realized that a 
hypernephroma may give rise to a solitary metastasis. 

Signs and Symptoms of Parenchymal Tumors. Hematuria, pain, 
and tumor have been well impressed upon the medical profession as the 
classical triad of cardinal symptoms pointing to renal tumor. These are 
common symptoms of other renal lesions, and are never pathognomonic. 
Although all three are frequently present when the patient is first seen 
by the urologist, diagnosis at this stage cannot be considered an early 
diagnosis. Pain and tumor are usually late manifestations; by the time 
they occur, the tumor is generally far advanced and metastases are often 
present, so that the patient is beyond surgical relief. 

Hematuria is the most constant and outstanding symptom of tumor 
of the kidney. It is particularly important because, in the renal cancers 
of adults, it usually is the earliest symptom/and appears at a stage when 
the tumor is not yet palpable. In Wilms’ tumor in children, as well as 
in the rare, large, benign growths, a palpable tumor is usually the earliest 
symptom, with hematuria a relatively late manifestation. 

The bleeding is always intermittent and is seldom profuse. Intense 
hemorrhage sometimes occurs, however. Generally the bleeding does 
not last longer than several days. A single severe hemorrhage may be 
followed by months or even years of freedom from hematuria. As a rule, 
bleeding from a renal tumor does not produce clots, the blood being 
diffused in the urine. Occasionally, however, the bleeding is sufficiently 
profuse to cause a blood cast of the ureter; when this happens, the out- 
flow of urine is impeded, resulting in marked pain due to back pressure. 

Pain is the second most important symptom. It is present in a large 
percentage of the cases in the later stages of the disease, and is the initial 
clinical symptom in about 20 per cent (Israel and Israel) . When present 
in association with hematuria, pain is of value in determining the source 
of the bleeding. Pain may be caused by stretching of the renal capsule 
by the enlarging tumor, or it may result from pressure by the mass on the 
nerves or on neighboring viscera. Pressure from a large tumor may be 
exerted (1) upward, with embarrassment of respiration, (2) downward, 
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causing symptoms referable to the pelvic organs, or (3) anteriorly, with 
displacement of the spleen and colon. Intermittent colicky pain may 
occur as the result of tension due to hemorrhage within the tumor, or 
when there is obstruction of the ureter with blood clots. 

Other late symptoms are loss of weight (common), weakness, gastro- 
intestinal disturbances, fever, symptoms of anemia, and cachexia. The 
detection of a metastatic growth may be the first clue to the presence of 
a neoplastic process. 

Diagnosis. Success in the treatment of renal tumors is in direct pro- 
portion to their early recognition. Early diagnosis of renal neoplasm is, 
however, particularly difficult, since the disease is insidious in its onset 
and there is no one symptom, or group of symptoms, which points in- 
disputably to renal malignancy. Painless hematuria being the earliest 
manifestation in most cases, discovery of these tumors at a stage when 
cure is still possible depends largely upon impressing on the medical 
profession itself, as well as the laity, that the presence of blood in the 
urine is a sign of the gravest import, which merits complete investigation 
of the urinary tract. The emphasis placed by urologists on the sig- 
nificance of painless hematuria is gradually bringing more renal neoplasms 
under observation at an earlier stage of development than in the past. 

The diagnosis is made upon the history, physical examination, study 
of the urine, and cystoscopic and pyelographic investigation. 

A careful history and general physical examination should always 
precede the routine urological investigation, and the results correlated 
with the findings of urine examination and pyelography. Careful bi- 
manual palpation is of the greatest importance. Palpation of these 
tumors is sometimes very difficult, but in the hands of experienced ex- 
aminers a mass in the flank can be felt in a high percentage of the cases. 

Cystoscopy, especially when performed at the time of hemorrhage, 
may sbw Wood coming from the ureteral orifice ol the side of the mass. 
Cystoscopy also enables one to determine the function of the opposite 
kidney, a factor of greatest importance when operation must be con- 
sidered. 

The flat film may show enlargement of the kidney and distortion of 
its outline suggestive of tumor. 

Retrograde pyelography is our greatest aid in the diagnosis of both 
benign and malignant renal tumors. Pelvic and calyceal deformities, 
which in early cases may be very slight, are more clearly shown by this 
method than by excretory urography. The latter is of value primarily 
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as a corroborative procedure. Excretory urography is the best means 
of visualizing the renal contour, and is useful in diagnosing small tumors 
that cause bulging of the kidney outline but do not produce recognizable 
deformities of the pelvis and calyces. .Used in conjunction with retro- 
grade pyelography, it is frequently very helpful. 

The pyelogram may give strong evidence of tumor of the kidney, or 
it may be unconvincing. In no way can the roentgenographic findings 
be regarded as characteristic. Renal cancer follows no set rule, and the 
only consistency of its pyelographic manifestations is their inconsistency. 

The following are the most common x-ray findings : (1) enlargement and 
distortion of the kidney shadow; (2) obliteration or abbreviation of the 
major or minor calyces or both, or elongation with narrowing (less often 
with dilatation) of one or two of the major calyces (due to pressure or 
invasion of the calyces by the tumor); (3) filling defects of the renal 
pelvis (due to invasion of the pelvis by the growth); (4) displacement of 
the pelvis laterally, medially, downward, or, rarely, upward; (5) displace- 
ment of the ureter medially or laterally (in the case of large growths). 
The relatively common “ spider-leg ” deformity results from compression 
of the pelvis by the mass. Shortened and irregularly dilated calyces, 
instead of elongated, narrowed, and tapering calyces, is suggestive of the 
presence of alveolar carcinoma. A large tumor may be present at the 
lower pole without pyelographic changes, or with minimal changes. 
Tumors at the more hemmed-in upper pole usually cause renal displace- 
ment and calyceal distortion at an earlier date. 

Early cases, in particular, require very careful correlation of roent- 
genographic findings with the patient’s history. In doubtful cases, 
repeated pyelography may be necessary, and, if positive findings persist, 
exploratory operation should be done. 

Any of the pyelographic findings noted above may be caused by other 
renal or extrarenal lesions. The conditions most likely to cause con- 
fusion are polycystic disease (when there is marked deformity of more 
than one calyx), solitary renal cyst, carbuncle, cortical or perincphritic 
abscess, tuberculosis, non-opaque stones, and retroperitoneal tumors. 
Adrenal tumors displace the kidney but do not usually encroach upon 
the pelvic and calyceal outline, nor do they cause hematuria. 

It is seldom possible to demonstrate clinically the type of tumor present 
in the parenchyma of a given kidney; nor is it always possible to dis- 
tinguish between pelvic and parenchymal growths. 

When the diagnosis of renal tumor in one kidney has been established, 
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the question of operability must be decided. In this connection, the 
two most important points to be determined are: (1) the presence or 
absence of metastases, and (2) the f unction of the opposite kidney. The 
latter usually has been ascertained at the time of cystoscopy. The de- 
tection of metastases requires roentgenological examination of the lungs 
and bones. 

Prognosis. The prognosis of renal tumors is poor. Without surgical 
intervention, a fatal outcome is inevitable. In cases seen before metas- 
tases are present, surgical extirpation offers a distinct hope of cure. 
Unfortunately, the majority of the cases are seen late in the disease, 
when the malignant process has spread beyond the confines of the kidney. 
The prognosis is directly dependent upon early diagnosis and the com- 
plete removal of the tumor before metastases have occurred; yet the early 
symptoms of renal tumor are so insidious that they are more than likely 
to be overlooked. 

To date, both the immediate and remote results of surgery have been 
most disappointing. At present, however, surgery offers the best— and 
perhaps the only — chance for a cure, and should be done at the earliest 
possible moment. Even though the results have been far Irom brilliant, 
one occasionally obtains a cure — frequently where it is least expected. 

Treatment. Prompt nephrectomy is the treatment of choice for 
renal tumor occurring in adults. Radiation, though valuable as an 
auxiliary’ measure, is not curable and cannot supplant surgical removal. 

The radiosensitivity of tumors of this group appears to vary widely. 
With the exception of tumors of the Wilms’ type, which are known to be 
relatively radiosensitive as a rule, we have no definite knowledge of the 
radiosensitivity of parenchymal growths. In the past, deep x-ray 
therapy has been reserved for palliative treatment of inoperable advanced 
tumors, usually with extensive metastases, and for postoperative treat- 
ment — the latter in the hope that it will devitalize any cancer cells that 
may have been left behind, thus preventing local recurrence and metas- 
tasis. Recently, many urologists and roentgenologists have adopted 
preoperative irradiation in the treatment of parenchymal tumors, on 
the grounds that it causes regression of large growths and facilitates 
operation, controls hemorrhage, and minimizes metastasis. That pre- 
operative irradiation causes temporary’ regression of huge growths in 
some instances, thereby rendering them operable, is proved. However, 
its routine employment as a preliminary to nephrectomy hardly seems 
justifiable, since the necessary delay results in the loss of valuable time 
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and may permit metastases to occur. We feel that prompt nephrectomy 
is still the treatment of choice, and should be done (1) whenever the 
general condition permits, (2) when there is no evidence of metastases, 
and (3) when there is no marked functional impairment of the opposite 
kidney. Slight hypofunction of the other kidney is not usually regarded 
as a contraindication to surgery since, without nephrectomy, the course 
of the disease is always fatal. The operability of the tumor itself can 
usually be determined only after exposure of the kidney. 

Irradiation of inoperable tumors, though of palliative value, has not 
effected permanent cure. 

When performing nephrectomy for renal tumor, a wide exposure is 
necessary to avoid trauma to the vena cava and pleura. Occasionally, 
in cases of very large growths, adequate exposure may best be obtained 
by means of the transperitoneal route. Nephrectomy by the abdominal 
approach has, however, a higher mortality. As a rule, the usual retro- 
peritoneal lumbar incision can be extended sufficiently to remove even 
very large growths. Some surgeons prefer to tie off the renal vessels 
through a transperitoneal incision and remove the kidney through the 
loin. This has not often been found necessary in our experience, the 
enlarged lumbar incision sufficing in most -cases. The success of opera- 
tion depends upon adequate exposure of the kidney and gentle manipula- 
tion, a minimum amount of trauma, and early ligation of the pedicle to 
prevent the introduction of cancer cells into the blood stream. Pre- 
liminary to nephrectomy, it is often advisable to give a blood transfusion 
since marked anemia is frequently present. Following nephrectomj', 
deep x-ray therap}- is advisable to lessen the risk of metastasis and local 
recurrence. 

The operative mortality of nephrectomy performed for renal cancer 
is much higher than that of nephrectomy done for other renal lesions. 
Mathfe, in a review of published statistics in 1937, found the mean mor- 
tality to be about 19 per cent. The technical difficulties encountered 
in the removal of large carcinomas greatly influence the immediate 
mortality. Shock, hemorrhage, thrombus-formation due to cancerous 
cells breaking off and entering the blood stream by way of the renal vein, 
and cardiac failure due to toxemia produced by infection and by the 
absorption of degenerating tumor are the chief causes of the high opera- 
tive mortality. 

Heminephrectomy is indicated in cases of tumor limited to onc-haU 
of a horseshoe kidney or to one portion of a bifid kidney. 

Benign cortical tumors, if small and of unquestionable diagnosis, as 
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proved by frozen section in the operating-room, may be resected. If 
large enough to compress the kidney or the adjacent organs, nephrectomy 
is advisable. 


Tumors of the Adrenal Gland 

Structure and Function of the Adrenal Gland. The adrenal, one of 
the glands oE the endocrine system, is a small, flattened structure (about 
2 5 cm. in diameter) situated just above the kidney on each side. It 
consists of a thin but firm fibrous capsule, and a cortical and medullary 
parenchyma. Between the capsule of the adrenal and the kidney is a 
layer of loose connective tissue, making separation of the kidney from 
the adrenal in nephrectomy easy. Both the kidney and the adrenal lie 
within the perirenal fascia. The adrenal is supplied with blood by a 
superior adrenal branch from the inferior phrenic artery, a small direct 
branch from the aorta, and an inferior adrenal branch from the renal 
artery. 

The cortex and medulla develop from two separate fundaments. 
Though united to form a single body, they remain separate and distinct 
structurally and functionally. The cortex is derived from the mesoderm 
and, embrvologically, is allied with the gonads and other urogenital 
organs. It elaborates a hormone which is essential to life. The chro- 
maffin cells comprising the medulla are derived from the.ectoderm, and 
have a common origin with cells comprising the sympathetic nervous 
system. The medulla elaborates an internal secretion called adrenalin 
or epinephrin. 

The correlation of cortical and medullary activities, as well as the 
complex relationship between adrenal function and that of the gonads 
and other endocrine glands, is but poorly understood Cortical hyper- 
activity produces certain forms of pseudohermaphrodism (female), sexual 
precocity, and hirsutism. Hypoactivity results in infantilism and as- 
thenia in early life. In postpubertal life, it produces amenorrhea and 
frigidity in the female, and impotence, obesity, and senilism in the male. 
Hyperactivity of the medullary tissue produces certain types of paroxsy- 
mal hypertension. Insufficiency of the adrenal, as a whole, results in 
Addison’s disease. 

Tumors and hyperplasia are the chief lesions which affect the functions 
of the adrenal glands and their secretions. Tumors of the connective 
tissue are very rare. The clinically important tumors arc those arising 
from the cortical and medullar}' cells. 

Tumors of the Adrenal Cortex. Primary tumors of the adrenal cortex 
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are rare, but are of great clinical interest because of the constitutional 
manifestations which they produce. These appear as various alterations 
in the secondary sex characteristics and in metabolism. 

Pathology. Ewing has classified cortical tumors as (1) hyperplasias, 
(2) adenomas, and (3) carcinomas. 

Hyperplasia occurs fairly often in adults. It may be nodular or dif- 
fused. The nodules vary from pinhead to pea size. This type is 
sometimes difficult to distinguish from small adenomas. Sometimes 
the cortex shows diffuse hyperplasia, with great enlargement of the 
adrenal gland; this form gives rise to a clinical picture similar to that 
produced by cortical neoplasms. 

Adenomas are the most frequent tumors of the adrenal cortex. They 
vary in size from a few millimeters to 10 or 12 cm. in diameter, 
are of a mottled brown and yellow color, and are often encapsulated. 
They rarely give clinical indications of their presence unless they attain 
a large size, when they may induce hyperadrenalism. As a rule, they 
remain small, and are usually discovered accidentally at autopsy. They 
are frequently bilateral. Geschickter states that the distinguishing 
characteristics of the adenomas are the definite cortical cells, tendency 
to lipoidal degeneration, marked capillary network, pigment deposits, 
and the arrangement of the cells in cords and bundles. Larger ones are 
distinguished by areas of vascularization. A feature which distinguishes 
these adenomas from the so-called hypernephromas of the kidnej' is the 
absence of tubular or papillary structures. 

Carcinomas of the adrenal cortex are rare. In a series of 105 cases of 
adrenal tumor reviewed by Geschickter, 72 were cortical tumors, of 
which only 6 were malignant. These tumors are extremely rare in chil- 
dren. Malignant cortical tumors are usually soft growths of a yellowish 
color and a varied consistency. They have a tendency to hemorrhagic 
and necrotic areas, and to cystic degeneration following necrosis. These 
tumors metastasize early and widely through the lymphatics of the 
venous system, most frequently to the liver and lungs, and but rarely to 
the bones. Occasionally they metastasize to the opposite adrenal gland. 
Invasion of the kidney, and of the renal vein and vena cava, by direct 
extension, is common. 

Tumors arising from adrenal rests occasionally occur in various parts 
of the body, particularly the liver, kidney, testis, broad ligaments, and 
retroperitoneal tissues. 

Symptoms. Cortical adrenal tumors may or may not produce dini- 
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cally apparent endocrine changes. Langeron and Loheac have classified 
these tumors according to symptoms, as follows: 

(1) Tumors presenting an endocrine syndrome 

(2) Tumors with only an abdominal mass 

(3) Tumors with metastatic masses 

(4) Tumors with arterial hypertension (paroxysmal or continuous) 

The clinical evidence of tumors of the first group may be (a) hypo- 

adrenalism (in early life, infantilism; postpubertally and later, im- 
potence, sterility, adiposity, amenorrhea, frigidity) ; (b) the adrenogenital 
syndrome of adrenal virilism (sexual precosity and premature maturity 
in both sexes, and, in females, masculinity, hirsutism, etc.). Cahill states 
that the tumor which produces the endocrine changes has cells resembling 
the reticulate layer of the adrenal gland, and has an increase in fuchsino- 
philic granules over normal; the adrenal cortex hormone has not been 
demonstrated in these growths. This type of tumor appears more fre- 
quently in females. The tumor without endocrine syndromes has cells 
resembling more the fasciculate layer of the adrenal and containing only 
small amounts of fuchsinophilic granules. % 

When congenital, the tumor results in pseudohermaphrodism (female). 

When the tumor occurs before puberty in the male, the most frequent 
change is premature puberty. There is rapid physical development, 
with adult type of genitals and distribution of hair, and development of 
sexual desire. In female children, such tumors most frequently cause 
prematurity with masculinizing alterations. Changes in the genitals 
may vary from slight to marked. There is no normal development of 
the breasts. Menstruation, as a rule, does not take place. 

Postpubertal tumor, in the male, may cause inversion changes toward 
femininity (hypertrophy of the mammae, atrophy of the testes, adi- 
posity), but these are much rarer than inversion changes in the female. 
The usual symptoms are the presence of a tumor in the abdomen and 
weakness. In the female, when tumor occurs after puberty and before 
the menopause, there is very frequently suppression of femininity with 
alterations toward adult masculinity: amenorrhea, with loss of sexual 
desire and libido, hirsutism, deepening of the voice, and adiposity. In 
more malignant tumors, there is emaciation instead of obesity. 

In the second group — those with an abdominal tumor only — the symp- 
toms are those due to pressure on or displacement of adjacent viscera. 

The third group — metastatic tumors — give infinitely varied symptoms, 
according to the location of the metastases. 
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The fourth group is the least understood. In this group are various 
disturbances of metabolism resembling those described by Cushing and 
assumed to be associated with basophilism: duskiness and redness of 
the face and hands, dryness and coarseness of the skin, excessive growths 
of hair, adiposity, accompanied by hyperglycemia. Occipital head- 
aches, weakness, and palpitation of the heart are common complaints. 
Symptoms of hypertension are frequent; such hypertension is likely to 
be continuous rather than paroxysmal, as in medullar}’ tumors. These 
metastatic disturbances may be present with or without changes in the 
secondary sexual characteristics. 

Diagnosis. The adrenogenital syndromes are not pathognomonic of 
adrenal tumor, since these changes also occur with hyperplasia of the 
adrenal cortex, and somewhat similar changes are seen in the presence of 
tumors in other hormonal glands— particularly basophilic adenomas of 
the pituitary and certain tumors of the ovary and testis. Adrenogenital 
syndromes appear more frequently without any demonstrable tumor, 
and hyperfunction of the adrenal cortex has been assumed to play a part 
in their production (Cahill; Broster and Vines). 

In a thin person, a tumor may often be felt, or downward displacement 
of the kidney may be palpated 

The tumor may show as a soft tissue mass in the roentgenogram, and 
renal displacement or rotation may be revealed by means of a pyelogram. 
Roentgenography following injection of air into the perirenal fascial 
planes, as advocated by Carelli and modified bv Cahill, may outline the 
tumor. 

Prognosis. If discovered sufficiently earl}’, removal of the adrenal 
containing a tumor will not only save the patient’s life but will produce 
a symptomatic cure of the endocrine disturbances, though the fixed 
anatomical changes are not corrected. Unfortunately, adrenal tumors 
that do not produce endocrine syndromes seldom give early manifesta- 
tions by which they may be distinguished. Only when the tumor has 
reached a large size, and gives pressure symptoms, is it discovered as a 
rule, and by that time irreparable damage has frequently !>ecn done. 
Metastasis of adrenocortical tumors produces the same endocrine altera- 
tions as the original growth. 

Treatment. Treatment is surgical removal of the adrenal. A trans- 
peritoneal approach, through an oblique subcostal incision, permits 
exploration of both adrenals. Cahill advises this procedure, as it permits 
ligating the vessels, especially the veins, before the tumor is manipulated, 
thus preventing possible metastases Irom that cause, as well as the possi- 
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bility of large amounts of adrenal secretion being injected into the circu- 
lation. To the latter has been attributed the collapse that immediately 
follows adrenalectomy in a certain percentage of cases. 

The extrapcritoneal lumbar approach, with the posterior angle of the 
incision extended higher on the back, gives good exposure of the adrenal 
but does not permit simultaneous exploration of both adrenals — a very 
important point. Some surgeons prefer bilateral exposure of the adrenals 
to determine the diseased side and the condition of the opposite adrenal. 

Exploratory operation is indicated whenever the diagnosis is in doubt. 

The best and most complete exposition of the adrenal glands and 
their treatment that has come to our attention is that of Dr. Hugh H. 
Young, contained in his book Genital Abnormalities, Hermaphroditism, 
and Related Adrenal Diseases, and to this excellent resume of the subject 
we refer the interested reader. 

Tumors of the Adrenal Medulla. Tumors arising from the adrenal 
medulla are rare, extremely malignant, have an irregular, rapid course, 
and metastasize extensively. In general, the patients manifest signs 
and symptoms indicating instability of the sympathetic nervous system. 

Pathology. Three main types of adrenal medullary tumors have been 
distinguished. 

Neuroblastoma (medulloblastoma) develops from the primitive un- 
differentiated neuroblast. These tumors are rapid-growing and highly 
malignant. They extend early to both sides of the spine, and produce 
extensive metastases throughout the body. The metastases show soft 
tumor masses similar to the primary growth. The latter is usually red- 
dish or reddish-brown in color, well encapsulated, and is often firm and 
nodular in consistency, though it may be soft and spongy. It usually 
depresses the kidney on that side, but does not invade it. On micro- 
scopic examination, the neuroblastoma may show cells of the sympathetic 
series in various stages of development (sympathogonia, sympathoblasts, 
or neuroblasts). By far the most frequently seen cell is slightly larger 
than a lymphocyte, with a minute amount of slightly basophilic and finely 
granular cytoplasm; this is a rapidly multiplying, highly embryonic, 
undifferentiated round cell. The cells are embedded — often in pseudo- 
rosette formation — in an intercellular substance consisting of a very fine 
network of minute fibrils. Hemorrhage, often massive in type, and 
necrosis are very common findings. Direct extension to neighboring 
viscera frequently takes place— sometimes before distant metastases 
are observable. 

Two entirely different clinical syndromes have been described in 
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connection with these tumors, according as the right or left adrenal is the 
site of the primary growth, and according to the location of metastases. 
Tumor of the left adrenal gland is identified with the so-called Hutchison 
type of metastases (to the skull, usually with metastatic involvement of 
the orbit). Right-sided tumors give rise to the Pepper type of metastases 
(extensive involvement of the liver and retroperitoneal lymph nodes). 
The location of the metastases is explained by the arrangement of the 
lymphatics on the two sides. The left lymphatics are connected with 
lumbar glands and pass downward to the groin and aortic glands, and 
upward to the deep cervical glands and to the skull. Those from the 
right adrenal empty directly into the portal system, and the right adrenal 
gland lies in direct contact with the liver. At present, there is great 
doubt entertained regarding the justification and value of these syn- 
dromes. Patients presenting the clinical features of the Pepper type will 
usually be found to have neuroblastoma originating in the right adrenal; 
but in those presenting the Hutchison type of metastases the primary 
tumor originates almost as often from the right as from the left adrenal. 
Moreover, both of these syndromes may occur with other tumors of the 
adrenal and of the kidney. 

Ganglioneuroma develops from the mature sympathetic ganglion cell. 
It is very rarely found in the adrenal medulla. It may be discovered as 
a small growth at autopsy, or it may enlarge sufficiently to cause pressure 
symptoms and thus be discovered clinically. The structures show a 
preponderance of medullated and non-medullated nerve fibers, among 
which lie groups of more or less well-formed proliferating ganglion cells 
(Alyea) . The tumor is usually single, but may be multiple. It is almost 
always benign. When malignancy is present, its degree depends on the 
relative proportion of mature and immature cells. The more mature the 
cell, the greater the malignancy. 

Pheochromocytoma (paraganglioma or chromaffinoma) of the adrenal 
is a rare , soft, very red tumor, which is usually solitary and benign. As 
a rule, these tumors are small, but they may reach a considerable size. 
Belt and Powell reported a cystic chromaffinoma weighing 1,000 Gm. 
which had replaced the right adrenal gland. 

Symptoms of Medullary Tumors. These patients show signs and 
symptoms indicating instability of the sympathetic nervous system; 
paroxysmal hypertension; glycosuria; vasoconstriction and vasodilata- 
tion of the peripheral vessels, indicated by pallor and sweating; headache, 
nausea, and vomiting. They manifest an unusual susceptibility to 
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surgical shock. In addition to the above symptoms, there are local 
symptoms due to the growth itself. 

Diagnosis. The diagnosis of medullary tumors of the adrenal is based 
on the history, physical examination, and x-ray examination. 

Prognosis and Treatment. The ultimate prognosis of the malignant 
tumors is hopeless, due to the high malignancy of the primary tumor, 
the rapidity of the course, and the extensiveness and malignancy of 
metastases. Neither surgery nor roentgen therapy has been of much 
avail. 


Aneurysm of the Renal Artery 

Aneurysm of the renal artery is a rare condition. Medical literature 
contains reports of only 75 cases. Mathe, in 1932, wrote an excellent 
review of the subject and collected 55 cases from the literature. Lowslcy 
and Cannon, in 1942, tabulated 20 cases reported since Mathe’s exhaus- 
tive review, and added 1 case seen at the Brady Foundation. 

Renal aneurysm may occur at any age, and is somewhat more prevalent 
in males. 

Etiology. Trauma— to the loin, back, or upper part of the abdomen — 
usually given as the chief etiological factor, probably does not of itself 
cause aneurysm, but may readily be the impetus for an aneurysmal dila- 
tation in a renal artery that is already weakened by congenital defect 
(especially at its bifurcation), vascular disease, or infection. 

Pathology. Two fundamental factors underlie the development of an 
aneurysm of the renal artery, namely. (1) the arterial wall is weakened 
by congenital defect, trauma, or disease (arteriosclerosis, periarteritis 
nodosa, syphilis or other infection) ; (2) the pathogenesis is directly related 
to intrinsic and extrinsic vascular pressure. 

Renal aneurysms are classified as true and false. True aneurysms are 
saccular or fusiform dilatations of the arterial wall itself. They ace 
usually small, ranging from the size of a pea to that of an orange, and often 
show calcareous deposits which are opaque to the x-rays. So long as true 
aneurysms remain unruptured, they are unlikely to produce any definite 
symptoms. Pressure and occlusion of the aneurysm may cause thrombi 
and infarcts of the renal parenchyma. 

False aneurysms are formed as the result of trauma, disease, indirectly 
by the rupture of a true aneurysm, or directly by the rupture of the renal 
artery. They are larger than true aneurysms, the smallest in the reported 
cases measuring 10 cm. by 15 cm., and the largest filling one-half of the 
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patient’s abdomen. The wall of a false aneurysm is composed of con- 
densed fibrous tissue developed around the extravasated and coagulated 
laminated blood. A false aneurysm may extend into the retroperitoneal 
space, rupture, and form a large hematoma; or it may rupture into the 
peritoneal cavity or into the renal pelvis, sometimes causing death by ex- 
sanguination. Blood may distend the pelvis and calyces and produce' 
complete absorption of the renal parenchyma; or atrophy of the kidney 
may result from extravasation of blood within the capsule. The blood 
clot may displace and become firmly matted to the neighboring organs. 

Symptoms. Small true aneurysms seldom present symptoms, and 
usually are discovered accidentally during investigation of the kidney or 
at autopsy. A few patients have complained of pain in the dank. The 
cardinal signs and symptoms of a false or a ruptured aneurysm arc pain, 
tumefaction, and hematuria. As a true aneurysm increases in size, or 
ruptures spontaneously or traumatically to form a false aneurysm, it 
gives rise to a tumor mass in the flank or upper abdomen. This tumefac- 
tion may develop suddenly, or over a period of months. The mass is 
usually smooth, firm, somewhat tender, and fixed in position. A systolic 
bruit, when present, is pathognomonic. Hematuria occurs when the 
aneurysmal sac has ruptured into a calyx, or the renal pelvis, and may be 
so extensive as to cause death. Hematuria in cases of true aneurysm is 
the result of renal thrombi and infarction. 

Diagnosis. The clinical diagnosis of renal aneurysm is difficult, and 
was made in only 12 of the 75 reported cases. Calcific deposits in the 
wall of the aneurysmal sac appear, in the x-ray film, as a ring-like shadow 
in the region of the kidney or the renal hilum; and in 3 cases, including 
the one seen in our service, the diagnosis was made on the roentgeno- 
graphic finding of such a ring-like shadow with a dense periphery, dis- 
rupted in one portion, and a rarification of the center. While suggestive 
of calcified aneurysm, this shadow must be differentiated from that cast 
6y a gatfstone, renal calculus, calcified fy-mph gland, calcified eyst, and 
calcification in neoplasm and tuberculosis. 

False aneurysms offer a particularly perplexing diagnostic problem. 
While traumatic rupture of a false aneurysm, or spontaneous perforation 
of a true aneurysm, is to be considered in the presence of intermittent 
hematuria associated with severe lumbar pain and a rapidly or slowly 
enlarging, fixed, tender swelling in the flank, this syndrome may also be 
presented by a ruptured kidney, so that clinical differentiation may be im- 
possible. In unruptured false aneurysm the most valuable signs are 
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tumefaction and a systolic bruit. The latter, however, has been present 
in only a few cases. 

Treatment. Symptom-producing aneurysms that are not operated 
upon inevitably prove fatal. Death may occur a few hours or several 
years after the onset of symptoms, but in most of the published cases 
the patients died within a year of the appearance of symptoms — usually 
from exsanguination from hemorrhage caused by rupture of the aneurysm 
into the renal pelvis, peritoneal cavity, or retroperitoneal space. 

A suspected or roentgenographically diagnosed renal aneurysm there- 
fore demands immediate surgical investigation, and, if the diagnosis is 
confirmed, nephrectomy. The latter has proved curative in 26 of the 29 
cases in which it has been done, and is indicated even in small true 
aneurysms, with mild or no symptoms, because of the ever-present danger 
of rupture and hemorrhage. Exposure of a pulsating aneurysmal sac 
or perirenal hematoma must be done with the utmost caution as the 
slightest tear in the sac may result in severe hemorrhage. If the tumor is 
large and hemorrhage appears inevitable, the friable pedicle should be 
approached transperitoneally and clamped near its branching from the 
aorta. 


Renal Calculus 

Urinary lithiasis Constitutes one of the chief problems of urology. The 
more recent urological literature contains many contributions relating 
to calculous disease, particularly its etiology and prevention. Pains- 
taking research on the part of numerous investigators along the lines of 
bacteriology, chemistry, and body metabolism has resulted in greatly 
augmented knowledge of this phase of the subject, much of which, how- 
ever, must still be regarded as theoretical. 

Though the cause of their formation is still uncertain, the effects 
produced by the presence of stones in the urinary tract have been only 
too well demonstrated. Unless passed or properly removed, the frequent 
complication of obstruction-infection eventually results in irreparable 
destruction of renal tissue. 

The majority of urinary calculi originate in the kidney. A certain 
number remain attached to a papilla, or in a calyx, or in the renal pelvis, 
where they gradually increase to a size which prohibits their passage into 
the ureter. Retained here, the stone presents the problem of renal 
calculus. Commonly, however, while still small the stone passes into 
the ureter; either it is evacuated spontaneously or retained in the ureter, 
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or lower down, in the bladder or urethra (Ureteral Calculus, p. 1259; 
Vesical Calculus, p. 1067; Urethral Calculus, p. 665). Stones also form 
primarily in the bladder, and under conditions of stasis may originate 
occasionally in the ureter and urethra, but there is little doubt that most 
ralculi found in these portions of the tract descend from the kidney. 

Incidence of Renal Calculus. Renal calculus occurs at all ages, but 
commonly between the ages of 25 and 40 years. Stone seldom begins to 
form in the kidney after the age of 50 years, and stones in the kidneys 
and ureters of children are uncommon. Joly found renal lithiasis to be 
“a disease of middle life, over 50 per cent of the total number of cases 
being between the ages of 30 and 50.” In making any statement in 
regard to age incidence, one must remember that stones frequently grow 
so slowly or are so located that they cause no sjnnptoms, and therefore 
may have existed for many years before being diagnosed. 

Males appear to be more subject to renal stone than are females. In 
our own series, the proportion of males to females has been approximately 
3 to 2. 'In numerous other reported series, however, the percentage of 
males has been only slightly higher than that of females. 

Both kidneys are affected about equally. A study of the literature 
indicates that the stones are bilateral in from 10 to 20 per cent of cases, 
although several authors have raised this figure to 25 per cent and even 
higher. The stones are multiple in approximately 40 per cent of cases. 
Multiplicity is much more common in bilateral cases (60 to 65 per cent). 
Bilateral and multiple stones are frequently associated with infection 
and obstruction. 

Etiology. The mechanisms of the formation of renal stones and the 
factors which initiate these mechanisms are unknown. Prominent 
among the many etiological theories that have been advanced arc colloid- 
crystalloid imbalance, stasis, infection, vitamin-A deficiency, endocrine 
disturbances, heredity, racial predisposition, and climate. Several con- 
current factors are probably always required for the formation of a renal 
stone rather than any single factor. “No stretch of chemical or physio- 
logical imagination will permit so heterogeneous a group of compounds 
to be ascribed to a common origin, or their deposition, in kidney, ureter 
or bladder, to be uniformly charged to an identical cause.” (Howard 
Kelly) 

Colloid-Crystalloid Imbalance. Much importance has been attached 
to colloid-crystalloid imbalance as a cause of renal stone — a theory pro- 
pounded many years ago. The urine is a supersaturated solution, and 
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the crystalloids are held in solution because of the presence of protective 
colloids; but when there is an increase or diminution in colloids or crystal- 
loids the result is an imbalance, with a subsequent precipitation of one 
or the other and organization into stone. Keyser was able to produce 
urinary stones by causing such an excessive secretion of crystals in the 
urine that the protective colloids were no longer able to hold the crystal- 
loids in solution, and the latter being insoluble in urine, crystallinization 
into stone resulted. Infection, an error in metabolism, or anything which 
disturbs the colloid-crystalloid equilibrium of the urine will result in the 
precipitation of urinary salts, and this precipitation, even though it be 
very slight, may act as a nucleus for the formation of a stone. An ex- 
cessive amount of crystalloids in the urine may be present, however, 
without stone developing ( i.e ., phosphaturia, cystinuria, and oxaluria). 

Stasis. The theory' that stasis in the urinary tract predisposes to stone 
is a very old one. Urostasis associated with infection is undoubtedly 
responsible in some cases for the formation of renal calculi. There is 
little evidence, however, that stasis can of itself initiate the stone-forming 
process. We quote Keyser: 

Experimentally, the production of urostasis per se almost never leads to calculosis. 
Stasis in itself is not a cause However, when the stone-forming mechanism is 
present, when crystals are being so deposited by infection or colloidal disturbances 
that they tend to fuse, it can be easily understood how stagnation enhances their 
retention and growth. 

Calculi have been found relatively more often in kidneys subject to 
some interference with drainage, either anatomical, mechanical, or patho- 
logical. An embryonic stone, which ordinarily would pass down the 
ureter to be evacuated in the course of micturition, may, in one of seden- 
tary habits or with an elongated calyx or other slight anatomical abnor- 
mality, be retained in the renal cavity, where it gradually enlarges. 
Faulty drainage of the kidneys probably accounts, in part at least, for the 
relative frequency of renal stones (often bilateral) in patients who have 
been immobilized in bed for long periods of time because of fractured 
bones, osteomyelitis, cord injuries, or systemic disease. When an in- 
dividual is kept on his back, drainage from the renal pelvis and calyces 
is more or less impeded, for the highest point will be the ureteropelvic 
junction. If a deposition of crystal does take place, it may be retained as 
the nucleus of a calculus because the force of the urinary stream is not 
sufficient to washitaway. This may take place in any of the calyces, 
thereby differing from'stone-formation in ambulatory patients, in whom 
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the stones are usually found in the pelvis or lower calyx — rarely in the 
upper half of the kidney. Other factors which must be considered in 
these cases are infection and loss of calcium during long periods of 
complete muscular inactivity. 

Although stasis is undoubtedly a factor in some cases of renal stone, 
it is not in itself a cause. In many cases of renal calculus, obstruction 
and stasis are absent. 

Infection. The role played by infection in the production of renal stone 
is uncertain. There can be no doubt that it is an important etiological 
factor in a certain number of cases. On the other hand, there are many 
cases of renal stone without infection. Moreover, a majority'' of renal 
infections are due to the colon bacillus; the larger number of these are 
not associated with stone. 

Many years ago Albarran divided renal calculi into primary' stones 
(without infection) and secondary' stones (in association with some urea- 
splitting organism). Since then, many theories have been advanced as 
to the part which infection plays in the formation of urinary calculi. 
Rosenow and Meisser (1922-23) presented their views as to the impor- 
tance of focal infection in the genesis of urinary lithiasis, and demon- 
strated a specificity of certain strains of bacteria, especially' streptococci, 
in the formation of stones. They inoculated the pulps of the teeth of 
previously healthy' dogs with streptococci isolated from the urine, teeth, 
and tonsils of 9 patients afflicted with recurrent nephrolithiasis, and 
succeeded in producing calculi or medullary lesions in 87 per cent of the 
animals. The experimentally’ produced calculi were similar in physical 
properties and chemical composition to those found in nephrolithiasis 
in man, the number and size of the stones being often in proportion to 
the length of time the experiment was allowed to continue. 

The literature provides abundant clinical evidence that renal stone- 
formation is associated with specific alkaline and urea -split ting strepto- 
cocci, staphylococci, and protens organisms. Hagar and Magath (1926) 
demonstrated that certain stones form in the presence of the Bacillus 
prolcus Later investigation has proved not only that this organism 
has definite stone-forming qualities by virtue of its urea-splitting proper- 
ties, but that the infection it produces is extremely difficult to eradicate. 
The streptococcus is not often found alone in ureteral calculus, but it 
may be discovered in association with various other bacteria. Wien 
this occurs, the presence of streptococci invariably increases the virulence 
of the infection, thus giving a graver prognosis. Pyogenic staphylococci 
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have been unquestionably demonstrated to be frequently associated 
with secondary stone-formation. A clump of cocci may act as a foreign 
body, upon which insoluble salts are deposited until a calculus is built up. 
Hellstrom found staphylococci in all layers of calculi which he dissolved 
in hydrochloric acid and stained. Albus was seen most frequently, 
usually being found alone; but in some cases where only bacilli had been 
isolated from the urine, cocci were found in calculi taken from the same 
patient. Cahill names, as the second of the three main factors in the 
production of renal calculi, “infection by bacteria with the power of split- 
ting urea, particularly staphylococcus and proteus ” In the opinion of 
Joly, it is not to be assumed that either Bacillus proteus or any cocci have 
especial lithogenlc powers; “they merely create conditions which are 
peculiarly favorable for stone-formation.” This author, whose experi- 
ence with urinary lithiasis has been extensive, states that calculus- 
formation following a pure colon bacillus infection is very rare, though 
mixed infections of coliform bacilli and pyogenic cocci arc frequent. In 
these mixed infections, he believes, the coccal infection is the primary 
one and certainly the more important. 

According to Randall, infection plays an important role in the pro- 
duction of renal stone by causing minor papillary lesions or injuries to 
the linings of the calyces of kidneys otherwise normal. These infection- 
induced injuries constitute focal points where the crystallization of 
urinary' salts may be initiated, and a true “primary” renal stone thus 
brought into existence. 

When we add to these possible factors in the field of infection the possibilities of 
circulatory troubles, of metabolic diseases, and of allergic reactions, it seems safe to 
surmise that pelvic lesions do, and must occur in greater frequency than at present 
suspected. . . . The hypothesis offered is that upon such a lesion crystallization of a 
“primary” renal calculus first takes place, and that its chemical character depends 
upon the salt in the urine, which at that epoch is the most supersaturated one. 

Randall thus includes in a broad conception not only the infection theory' 
of causation but several of the newer theories, such as deficiency in vita- 
min A, so that he does not regard renal calculosis as a disease entity' 
per sc but, rather, as the symptom of certain abnormal conditions within 
the body. This, in general, is the attitude of the majority of urologists 
at the present time. 

In recurrent nephrolithiasis, at least, persistent infection, with or 
without stasis, is a very important etiological factor. Rovsing (1924) 
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investigated 109 cases of recurrent nephrolithiasis and found 71 percent 
of all recurrences in kidneys infected primarily or secondarily with urea- 
decomposing organisms. Keyser noted that recurrent phosphate and 
carbonate stones are often associated with infections of cocdc or bacillary 
type. In a study of 44 cases of recurrent calculi following operations 
for nephrolithiasis at the Brady Foundation, of the New York Hospital, 
Twinem (1937) found the colon bacillus in the largest number of cases, 
with the Bacillus Proteus second, and staphylococci third. In the 10 
cases of most frequent recurrence, the Bacillus froteus was found in 6 
cases, staphylococci in 2, Bacillus lactis aero genes in 1, and Bacillus 
proleus and Bacillus fluorescens in 1. Multiple calculi also occur more 
often in the presence of urinary infection. 

It must be admitted that despite much experimental work and clinical 
observation, the relation of extrarenal and local urinary infections to the 
formation of renal stone remains uncertain. Nephrolithiasis in associa- 
tion with urinary infection is of very frequent occurrence. On the other 
hand, aseptic stones are common. So, also, are urinary infections with- 
out stone. It would appear, therefore, that while it undoubtedly often 
influences the occurrence and character of renal stones, infection, like 
stasis, is not an essential prerequisite to their formation. 

Metabolic and Endocrine Disturbances. Vitamin- A Deficiency. 
Dietary and hygienic condi tions are important factors in stone-formation. 
Improved living conditions and, particularly, improvement in the quan- 
tity, quality, and variety of food, have resulted in a gradual but definite 
decrease in the number of cases of urinary stone. 

Clinical observations have clearly indicated that there is a direct rela- 
tion between stone-formation and the absence of certain essentials from 
the diet. Definite stone areas have been found to exist in India, the 
southern part of China, Egypt, Mesopotamia, Derbyshire and West- 
moreland in England, the southeast of France, the Volga Valley in Russia, 
and in Dalmatia. Many theories have been advanced to account for 
this geographical distribution of lithiasis. Geographical studies of uri- 
nary stone show that it is relatively uncommon in dairy-farming coun- 
tries, such as Switzerland, Denmark, and Ireland, and where the popula- 
tion is able to enjoy a well-balanced and mixed diet, and that it is most 
prevalent in people living on a monotonous diet, particularly where 
cereals form the staple food. 

That lithiasis is a deficiency disease is borne out by the notably 
decreased incidence of urinary stone — particularly bladder stone — in civi- 
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lized countries in childhood since the institution of modem diets which 
prevent avitaminosis. Vesical stone, which once was very common in 
both European and American statistics, now is a rare disease. However, 
in parts of India and China where living conditions and dietary stand- 
ards have not changed, vesical stone is still exceedingly common. Fresh 
vegetables, milk, and cod-liver oil have probably contributed more than 
any other factors to this lessening of the incidence of urinary stone in 
childhood. 

For centuries it has been assumed that climatic conditions, racial pre- 
disposition, and heredity powerfully influence stone-formation, directly 
or indirectly. Renal stone is much more common in warm countries than 
in cold, and in the dry tropics than in the wet. In Ecuador, for example, 
stone, is almost unknown, whereas in Mesopotamia calculous disease 
is exceedingly common among the natives. This difference in the inci- 
dence of lithiasis in the wet and the dry tropics is now believed to be due 
primarily to dietary factors and only secondarily to climatic conditions. 
In the wet tropics, the native diet is usually rich in vitamins. Joly 
states in this regard: 

Dry heat acts simply by diminishing the quantity of urine eliminated, and so 
increasing the concentration. If the colloid mechanism by which the stone-forming 
salts are kept in solution is defective, they will tend to be precipitated in the urinary 
passages and may give rise to stone-formation. This, however, does not occur in 
healthy, well-nourished individuals. 

Regarding the racial incidence of lithiasis, one is struck by the fre- 
quency of stone among the Hindus, Arabs, and Southern Chinese. When 
the inhabitants of these countries are transported and settled elsewhere, 
their descendants exhibit the same tendency provided they preserve and 
carry on their tribal and ancestral habits of living and continue to subsist 
on the same diet. But wherever the general standard of living has been 
raised, particularly where more and a greater variety of food has become 
available, there the incidence of renal stone has steadily diminished. 
The Negro, on the other hand, is almost immune to stone despite the 
fact that, in Africa in particular, the negro population lacks suitable 
food and proper sanitation. Originating in an intensely hot climate, the 
Negro was transferred to the less torrid southern portion of the North 
American continent, and thence he has travelled northward; but in 
every climate he has preserved his immunity to renal lithiasis. It has 
been suggested that the fact that the Negro eats more meat than members 
of other races of like economic status may be the actual reason for the 
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“racial” immunity he apparently enjoys. Urinary stone is also ex- 
tremely rare among the Esquimaux. The consensus of opinion among 
present-day observers is that the formation of urinary stones is not so 
much a matter of climate and race as of the food produced in that climate 
and consumed by that race. 

Great stress was formerly laid on the influence of heredity, but with 
little supporting evidence being adduced. In the so-called stone areas 
cases of stone have not been found to run in certain families. The only 
form of lithiasis which is definitely familial is that in which cystine 
stones are formed. 

That a deficiency of vitamin A is a fundamental factor in stone-forma- 
tion was clearly demonstrated by the experimental work of Osborn and 
Mendel on rats in 1917. Autopsies on 857 rats showed phosphatic cal- 
culi in the kidneys or bladder in 9.3 per cent, and it was observed that 
“in every instance where calculi developed, the animals were without 
an adequate source of the fat-soluble vitamin for some time.” No other . 
pathogenic factor common to all of the affected animals, which might 
explain the formation of the urinary calculi, could be found. This appar- 
ent relationship between a diet deficient in vitamin A and the formation 
of stone was confirmed in 1926 by the work of Fujimaki, who found that 
rats kept on this diet for about 12 weeks always developed phosphatic 
stones in the bladder and kidney and cholesterol stones in the bile duct. 
McCarrison, in 1931, showed the keratinizing effect on the epithelium 
of the urinary tract produced by the lack of vitamin A in the diet, and 
concluded that desquamated, keratinized epithelium from the urinary 
organs may serve as the nuclei of stones, which are always formed 
largely of calcium-magnesium phosphate. He also noted that if the 
vitamin Cfactors were also removed, there was still greater likelihood of 
renal stone-formation; and if, to an individual on such a deficient diet, 
earth)' phosphates were fed, the rapidity with which stones formed 
was very noticeable. From observations obtained with 84 rats, this 
author and Ranganathan concluded that the essential factors in the 
production of stones in rats are (1) a deficiency of phosphate relative to 
the amount of calcium injected, and (2) an insufficiency of vitamin A in 
the diet; a balance of calcium and phosphorus will not prevent calculus- 
formation unless there is a sufficiency of vitamin A. Higgins, during a 
long series of experiments, found that when rats were maintained on a 
vitamin-A-deficient diet “42 per cent had renal and 8S per cent had 
bladder calculi.” 
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Renal Stone Following Treatment of Peptic Ulcer with Alkalis. There 
is a prevalent belief that patients on a Sippy regime for the treatment of 
peptic ulcer frequently develop stones. In this regime, large amounts 
of alkali are given together with high calcium and phosphate diets, 
resulting in increased phosphaturia and calcinuria with, at the same time, 
an alkaline urine. Theoretically, under these conditions urinary stones 
might be expected to form. 

In order to determine the etiological relationship, if any, between the 
use of alkalis in the treatment of peptic ulcer and kidney and ureteral 
stone-formation, Kretschmer and Brown (1939) made a detailed study 
of 680 cases of peptic ulcer treated at the Presbyterian Hospital (Chi- 
cago). These patients, all of whom replied to a questionnaire, had been 
treated with alkalis for periods of from 3 to 6 months, averaging 4 months. 
Many had taken minor amounts for much longer periods. It was found 
that 21 patients (3.1 per cent) had a history of urinary stone before 
presenting themselves for the treatment of ulcer, and 33 (4.9 per cent) 
had stone some time after ulcer treatment— in many instances from 10 to 
20 years later. The small difference of 1.8 per cent in the incidence of 
stone between individuals who were given alkalis and those who were not 
appeared to the authors to be so insignificant as to make it improbable 
that alkalis used in the treatment of ulcer play a role in stone- formation. 
In addition, these authors studied the records of 1,260 cases of renal 
and ureteral calculi, and found 7 in which the diagnosis of stone and ulcer 
was made simultaneously and in which there had been no ulcer treat- 
ment, and 26 with a previous history of ulcer; of the latter, only 15 
(1.2 per cent) had received alkalis. This incidence of only 1.2 per cent 
of treated ulcer cases in a series of 1,260 renal and ureteral calculi also 
fails to support the theory that alkalis used in the treatment of peptic 
ulcer cause renal stones. 

Stone-Formation in Hyperparathyroidism and in Immobilized Patients. 
The recent work of Albright, Aub, and Bauer has shown that in cases of 
hyperparathyroidism caused by tumor of the parathyroid there arises 
a disturbance in the calcium and phosphorus metabolism with associated 
increase of both calcium and phosphorus in the urine. It is believed that 
this disturbance of the calcium-phosphorus metabolism upsets the colloid- 
crystalloid equilibrium of the urine, with subsequent precipitation and 
coalescence of the urinary constituents. This, however, is uncertain. 
Many patients with hyperparathyroidism develop urinary calculi. 
Barney and Mintz (1934) reviewed the literature and found 65 cases of 
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hyperparathyroidism, with renal calculi in 15 (23 per cent); in addition 
they reported 11 cases of renal stone in 18 cases of hyperparathyroidism 
observed at the Massachusetts General Hospital (Boston), in which the 
diagnosis was confirmed by operation. Parathyroid disease, they state, 
appears to be the causal factor in 10 per cent of the cases of urinary 
lithiasis. 

Because a systemic disturbance is responsible for the calculus-forma- 
tion, the stones have a tendency to be multiple, bilateral, and recurrent. 
Surgical removal of the parathyroid tumor will restore the output of 
parathyroid secretion to its normal amount, and this will result in reduc- 
tion of the blood calcium and phosphorus, which, in turn, will reduce 
the excretion of these elements in the urine. 

Urinary calculi are often found in individuals suffering from bone 
injuries, tuberculous hip joints or spines, osteomyelitis, empyemia, or 
other conditions requiring immobilization for prolonged periods. These 
calculi are always found in the upper tract and tend to be bilateral. 

Immobilization may operate in two ways to produce stones: (1) by 
impairing drainage, as already noted; (2) by producing changes in 
calcium metabolism. Jones and Roberts (1934) showed that immobility 
causes local decalcification of the bones, and demonstrated by x-ray that 
generalized disuse depletes the calcium store of the whole skeleton. It 
appears likely that nephrolithiasis in these cases is the result of skeletal 
decalcification, and is comparable with the stone-formation seen in con- 
nection with hyperparathyroidism. 

Among the most important recent contributions to this subject arc 
the investigations of Flocks and his co-workers at the University of Iowa. 1 
These observers studied the urinary excretion of calcium and phosphorus 
under fixed conditions in a group of 35 patients known to be suffering 
from renal calculus; in 23 they found high urinary calcium excretion, 
while in 3 with low urinary calcium there was a history which suggested 
that the calcium excretion was probably high at the time stone-formation 
was initiated. Only 2 patients had clinical evidence of hyperpara- 
thyroidism. 

These authors consider that two groups of factors are fundamental in 
the pathogenesis of renal stone: (1) those factors which so change the 
nature of the renal substance as to favor precipitation of the crystalloids 

•These valuable contributions to the etiology of renal stone were made available to us 
through the courtesy of Dr. Flocks and his associates at the College of Medicine of the Slate 
University of Iona, trho permitted the use of Hork as yet unpublished by giving us access 
to the original manuscript. 
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within it, and (2) those factors which favor the precipitation of crystal- 
loids in the urinary passageway. In any given patient, either or both 
groups of factors may operate at the same time or at different times. 
Stasis, infection, vitamin-A deficiency, hyperparathyroidism — all may 
play a role in the stone-forming process, inducing precipitation of crystal- 
loids in the renal substance. We quote from Flocks’ thesis: 

The two fundamental factors determining the precipitation or solution of calcium 
and phosphorus in the urinary passageways are the urinary and the urinary con- 
centration of calcium and phosphorus. Certain accessory factors may also be of 
importance, i e , the colloids of the urine, the surface tension of the urine, the presence 
of stasis, and the presence of bodies which might act as nuclei for the precipitation 
of the crystalloids The importance of the hydrogen ion concentration, and the ease 
with which this concentration can be changed to the alkaline side by urea-splitting 
organisms, together with the marked frequency with which these organisms occur in 
patients with renal calculi, has been demonstrated by many workers Experi- 
mentally, the importance of the increased concentration of crystalloids in the urine 
has been emphasized by Keyset. The high incidence of urinary stone in hyper- 
parathyroidism, where increased urinary excretion of calcium and phosphorus occurs, 
has been emphasized by Albright and Barney. The high incidence of urinary calculi 
in patients with bone disease, where presumably there is some alteration in calcium 
metabolism, probably associated with increased calcium excretion, has been empha- 
sized by Holmes and Coplan, Jones and Roberts, and others. Steiner has demon- 
strated that the epithelial desquamation which occurs in vitamin-A deficiency may 
act as a nucleus for the precipitation of crystalloids. Again, there is a multiplicity 
of factors which may be present in each individual patient. 

There are, then, two groups of factors in the pathogenesis of renal stone: first, 
those factors which are associated with the precipitation of crystalloids in the kidney 
substance; and second, those which are associated with the precipitation of crystal- 
loids in the urinary passageway . . . increased excretion of calcium and phosphorus 
in the urine may be of importance in both groups of factors. . . . 

It would seem that although the high concentration of the calcium in the urine 
of itself is not enough to bring about precipitation in the kidney substance, or in the 
urinary passageway, it would predispose these individuals to this occurrence. There- 
fore, given a patient or individual with a high urinary calcium, other factors being 
equal, he would be more likely to form stone than one with a low urinary calcium. 

By comparing the function and roentgenographic appearance of the two 
kidneys — one with stones and the other normal — in the same individual, 
these investigators determined that slight pathological changes are usu- 
ally associated with a definitely increased calcium value in the urine 
from the affected kidney, as compared with the output of its normal 
mate; but when the affected kidney showed marked pathological change, 
its urinary calcium was usually definitely lower than that excreted by 
its normal mate. 
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Calculi Due to Sulfonamide Therapy. In recent years numerous cases 
of urinary calculi due to the administration of the sulfonamide drugs have 
been reported. Crystals of these drugs are excreted in the urine, and 
these may coalesce in the tubules of the kidney, in the renal pelvis, in 
the ureter, or in the bladder, with resultant calculus-formation. This is 
much more likely to occur with sulfapyridine, sulfathiazole, and sulfadia- 
zine than with sulfanilamide. Adequate fluid intake and large doses of 
alkaline drugs seem to counteract the precipitation of sulfonamide 
crystals, which occurs much more readily in an add than an alkaline 
urine (see p. 1171). 

Pathology. Structure and Composition of Renal Slones. A chemical 
analysis of the stone will help to establish the etiology, and will also in- 
dicate whether an alkaline or acid regime is to be recommended, and what 
elements are to be restricted in the diet. Even' calculus, whether spon- 
taneously passed or surgically removed, should therefore be subjected 
to chemical analysis. 

Urinary calculi are of two main types: (1) those formed in an alkaline 
urine, and (2) those formed in an acid urine. Phosphate and carbonate 
stones develop in an alkaline urine, while oxalate, uric acid, cystine, and 
xanthine calculi develop in an acid urine. 

Every calculus has a nucleus, which may be a foreign body or urinary 
crystal The stone formed about this nucleus may be of simple crystal- 
line structure or laminated, and is presumably held together by a frame- 
work, the chemical nature of which is unknown. 

A calculus may be pure urate, oxalate, phosphate, carbonate, or 
cystine, or it may be a mixture of urates and oxalates, or of phosphates 
and carbonates. Furthermore, a stone which is predominantly phos- 
phate or carbonate may also contain oxalate or uric acid. Joly calls 
attention to the fact that so-called “pure” stones are rare, and that it is 
sufficient to consider any calculus which contains from 90 to 95 per cent 
of any one salt as a pure stone. 

The majority of renal calculi are either predominantly oxalates or 
phosphates. Uric acid and urates, however, appear to be the dominant 
nucleus Of 545 calculi examined by Ultzmann, S0.9 per cen t had nuclei 
formed of uric acid. Though uric acid appears to serve very frequently 
as a nucleus, it forms but a small percentage of the entire substance of 
the more commonly found types of renal stones. Calcium oxalate is the 
dominant constituent of renal calculi in America. The constituent next 
in frequency is phosphate, combined with ammonium, calcium, or mag- 



INJURIES AND DISEASES OF KIDNEY 1595 

nesium. Exceptionally, stones are found of which the main constituents 
are pure urate, cystine, calcium carbonate, and xanthine. 

Calcium oxalate stones are very hard, usually brown or sepia (though 
they may be dark gray) and, as a rule, irregular and rough. When small, 
they are often of a light brown color, with a rough surface covered with 
sharp crystals or, less often, with spines or spicules, The crystalline 
stones are of a lighter brown than the spinous ones. The irregular 
“mulberry calculi” have short, nipple-like projections on all sides save 
that which has been in direct contact with the pelvic wall; they are fre- 
quently of a deep reddish-brown color when not encrusted with phos- 
phates. Because of their roughness and irregularity, calcium oxalate 
stones tend to be retained until they require surgical removal. Small, 
oval or spherical stones, sometimes facetted, with a smooth, highly 
polished surface are also seen. The cause of calcium oxalate is not 
known, but it is believed that such calculi may result from an oxaluria 
due to inspissated urine or to increased ingestion of oxalates. 

Phosphatic calculi are composed chiefly of calcium phosphate and 
ammonio-magnesium phosphate in varying proportions, with, as a rule, 
some calcium oxalate, calcium carbonate, or other salt. The initial 
nucleus is uric acid or oxalate. The hard, white stones are those made 
up of crystalline calcium phosphate. One does not often see these, for 
the majority of phosphatic calculi are of the amorphous type, of mixed 
composition, and are relatively soft, of a grayish color, and have a rough, 
granulated surface {e.g., “staghorn” calculus). Stones containing large 
amounts of phosphates are encountered in hyperparathyroidism and 
other conditions associated with an increased urinary excretion of cal- 
cium and phosphorus. Phosphatic stones are also found in urinary 
infections due to urea-splitting organisms ( ie Bacillus proteus), pro- 
ducing a persistently alkaline urine, and in individuals whose diet con- 
tains an overabundance of calcium phosphate. 

Uric acid and urate stones are hard, ellipsoid or spherical, smooth- 
surfaced, highly polished, and usually of a golden-yellow color. Both 
crystalline and laminated types occur. These stones, once mentioned 
so frequently in any discussion of renal calculosis, are actually seldom 
encountered. Pure uric acid concretions are practically never removed 
at operation. Being small, rounded, and smooth, the}' are usually 
passed spontaneously, so that the surgeon seldom encounters them 
in situ. Uric a fid, however, very often forms the nucleus of oxalate or 
phosphate stones. The etiology of uric acid stones is not clear. They 
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are commonly, but by no means always, associated with gout, in which 
there is an increased uric acid excretion. 

Cystine calculi are usually crystalline, and are then smooth of surface, 
polished, and of a greenish or yellowish-brown color. When mixed with 
phosphates, they are rough and granulated. These stones frequently 
form typical staghorn calculi. Cystinuria is a rather infrequent disease 
of unknown etiology. It is believed to be a disorder of the general me- 
tabolism. It appears more frequently in Jews than in any other race. 
Heredity seems to be an important factor. Cystine stones usually 
occur in children, are generally bilateral, and tend to recur after removal. 
The reader is referred to the excellent work of Dr. G. F. Cahill and his 
collaborators, who have reported the results of their extensive inves- 
tigations upon this subject in the Journal of Biological Chemistry 
(1935-1937). 

Xanthine calculi are very rarely encountered in the urinary tract, as 
is shown by the few reports in literature (16 up to 1937, Kretschmer). 
Most of them have been found in the bladder. They occur more fre- 
quently in young subjects, and oftener in males than in females. Con- 
trary to the statements of most authors, Kretschmer, in a study of the 
published reports, found that single stones occur more frequently than 
multiple ones. About two-thirds are composed of pure xanthine, the 
remainder being mixed. Xanthine stones are usually of a reddish-brown 
color, compact, rather hard, with an amorphic laminated appearance. 
With rubbing, they acquire a polished waxy luster. The reiterated state- 
ment that xanthine stones are usually negative to the x-ray was not borne 
out in Kretschmer’s case nor in several other reported cases, in which 
the x-ray examination was positive for stone. Xanthine stones, like 
cystine calculi, can be explained in no other way than by an error in 
metabolism. 

Soft , non-crystalloid urinary s tones are very 7 rare (22 up to 1928, 
Hyman). They are usually found in the kidneys. Depending upon 
the predominant constituent, they have been classified as albumin, fibrin, 
bacterial, and amyloid concretions. Albumin and fibrin stones vary in 
size from a pinhead to a cherry, are of a wax-like consistency, and are 
grayish-white, yellow, or light brown in color. Cross sections of albu- 
minous stones show a characteristic lamellation or stratification, and 
occasionally a nucleus of uric acid or oxalate or blood (Hyman). Bac- 
terial concretions are usually small and multiple. Soft stones are always 
associated with an infected urine. Pyonephrosis is a frequent complica- 
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tion. Soft concretions are rarely diagnosed before operation since they 
cast no shadow. 

Foreign-body stones in the kidney pelvis and ureter are also exceedingly 
uncommon. Exceptionally, calculi are found which have formed around 
foreign bodies left in the kidney by the surgeon or been inserted into the 
kidney by traumatic accident. 

Location of Stones : Fate of Growth. The great majori ty of renal stones 
are found in the lower calyx or the pelvis. This predilection for the in- 
ferior calyx has been explained on the ground that, anatomically, this 
calyx is well below the level of the upper portion of the ureter. As the 
urinary excretion for each calyx is estimated to be about 3 drops of urine 
per minute, it is obvious that the urinary stream is far too sluggish to 
wash crystals and other particles out of a dependent calyx. Marked 
narrowing or stricturing of the infundibular portion of a calyx also will 
act to make the calyx retentive. 

Joly divides renal calculi into five clinical groups: 

(1) Small stones (usually calcium oxalate) which are still free in a 

calyx or the renal pelvis. 

(2) Stones impacted at the ureteropelvic junction. 

(3) Stones impacted within the renal pelvis. 

(4) Stones which have become practically a mould of the renal pelvis 

and calyces. 

(5) “Giant” calculi which have destroyed most of the renal 

parenchyma. 

The stone usually forms in a calyx or the renal pelvis. Here it may 
be adherent to the wall or lie free in the lumen, gradually increasing in 
size until it sometimes fills the calyx or pelvis. Frequently, a stone which 
has formed in a calyx (particularly the upper or middle calyx) is forced 
out into the renal pelvis, where it may lie free for some time longer, or 
be washed out toward the ureteropelvic junction. A small, smooth stone 
will negotiate this junction without difficulty, but a rough, jagged con- 
cretion is likely to become impacted at this point. Stones impacted 
at the ureteropelvic junction soon become moulded into a more or less 
triangular form. These stones tend to grow backward into the kidney, 
the growth on the renal aspect of the stone being more rapid than that 
on its ureteral side. Unless its outlet is blocked, the renal pelvis adapts 
itself to the presence of a stone in its lumen; urine drains more or less 
freely around the stone until, eventually, it becomes practically a mould 
of the pelvis and calyces (the so-called “staghorn” calculus). Sometimes 
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the Stone is of a size actually greater than the normal size of the pelvis 
in which it has formed, having gradually.distended the pelvic walls as 
it enlarged. 



Tic. 329. Collection of small calculi in the cortex ot the kidney. Sectional view of opcrati\ e 
specimen. 

The rate of growth of a renal stone depends largely on the rate of 
elimination of the stone-forming salts. In comparison with stones com- 
posed predominantly of phosphates, which grow rapidly, calcium oxalate 
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calculi grow rather slowly. Patients with the latter practically always 
present themselves for treatment before the stone has filled the entire 
pelvis and calyces. The large staghorn calculi, moulded to the shape of 
the renal pelvis, are usually rapidly-forming amorphous phosphatic 
stones of mixed composition, though the relatively rare cystine stones 
also often form typical staghorn calculi. Cystine and uric acid stones 
grow more rapidly than calcium oxalate stones, but not so fast as the 
phosphatic variety. 

Stones do not grow to large size when obstruction is present because, 
with obstruction, there is impairment of renal function and dilution of 
the urine, resulting in a decrease of the material necessary for the growth 
of the stone. On the other hand, renal calculi which do not cause ob- 
struction may reach an incredible size, often giving rise to symptoms so 
slight that they remain undiagnosed for years (“silent” stones). 

Pathological Changes in the Kidney. A kidney which harbors a 
calculus always suffers from such an experience. A renal stone, however 
small, is a potential hazard to its possessor, and can never be regarded 
as harmless. Although staghorn calculi, as well as other single or mul- 
tiple stones, have occasionally been observed to remain in a kidney for 
years, apparently giving rise to no untoward results, as a rule infection, 
with or without obstruction, soon sets in, and an infected calculosis is 
one of the most destructive lesions affecting the kidney. 

Stones cause damage to the renal pelvis and parenchyma by obstruc- 
tion, local irritation, compression of growth, and by infection, which may 
either precede the stone or result from its presence. The pathological 
effects upon the kidney will vary considerably, according to the conditions 
which gave rise to the stone-formation, as well as the size, type, and 
location of the concretion. A small, pea-sized calculus that has become 
wedged in the pelvic outlet will cause greater general, as well as local, dis- 
turbance than a larger stone which, does not obstruct, or only partially 
obstructs, the free outflow of urine from the kidney. 

In the pelvis, the chief effects are those resulting from irritation and 
obstruction. The presence of the foreign body will cause inflammation 
of the epithelial lining of the pelvis and calyces; while more or less con- 
stant obstruction to drainage from the kidney will result in dilatation 
and consequent back pressure, constituting a calculous hydronephrosis. 
Such a hydronephrosis is not, as a rule, of large size, the dilatation being 
intrarenal rather than pelvic. A stone which completely blocks the 
outflow of urine from the kidney demands prompt cystoscopic or surgical 
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removal. If, however, the stone is so located as to cause no interference, 
or only partial or intermittent interference, with drainage, it may remain 
undiscovered until infection occurs and greatly complicates the problem. 

The presence of infection naturally alters the pathological picture. 
Destruction of the renal tissue then proceeds with far greater rapidity, 
stones frequently become multiple, and stone-formation may occur in 
the opposite kidney. The pathological changes in infections compli- 
cating stone are similar to those of non-calculous infections. In the 
absence of obstruction and hydronephrosis, there will be a calculous 
pyelonephritis; but when obstruction exists in the presence of infection, 
a calculous pyonephrosis will be induced, the outlook for which is much 
graver so far as the integrity of the kidney is concerned. If the infecting 
organism is of the urea-splitting type (e.g., Bacillus protcus and certain 
cocci), so that the urine is markedly alkaline, the stone soon becomes 
covered with a phosphatic deposit and may thereafter rapidly increase 
in size. “A mild staphylococcal infection without distension of the renal 
pelvis is the most favorable condition for the production of a large branch- 
ing calculus.'’ The lining mucous membrane, constantly irritated by 
the presence of the growing stone, tends to shed epithelial cells and to 
become thick and of a spongy consistency. Suppuration, followed by 
ulcer-formation, is the next stage, and small hemorrhages in the wounded 
epithelium give rise to the red blood cells which can be detected in the 
urine along with the epithelial debris. In general, the condition is one 
of subacute infection combined with chronic interstitial nephritis. As 
the stone increases in size, it compresses and thins out the renal paren- 
chyma until frequently there is left but a thin shell of cortical substance. 
A stone in a calyx may cause blockage of the calyx, which often will be 
found filled with purulent urine or, in advanced infections, with pus. 
Such partial pyonephrosis is frequently seen in the presence of a large 
stone. The secreting tissue of the affected portion of the kidney will 
be reduced almost to the vanishing point, leaving merely a soft, cyst-like 
mass, through the yielding walls of which the surgeon can readily feel 
the contained stone or stones. 

Calculous pyonephrosis affecting the entire kidney eventually reduces 
the organ to a condition resembling a multilocular cyst , often of great 
size, the dilated calyces forming cavities more or less filled with mucous, 
debris, and multiple stones. Septa, once the walls of calyces, separate 
these pockets, all of which open into the renal pelvis. Such a kidney may 
contain but a single stone, but usually there are several small-sized 
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to have conserved its normal outline, though its external surface will be 
irregular and knobby. When sectioned, only the merest trace of renal 
tissue can be found, most often at one or the other of the poles. 

Symptoms. Symptoms relative to renal calculi are caused by ob- 
struction, local irritation, and associated infection. As already noted, 
calculi in the kidney, which do not cause obstruction, may attain great 
size and result in irreparable damage to the kidney before they are 
discovered. With improvement in our diagnostic technic, the discovery 
of these symptomless intruders at a stage when there is still a chance 
of saving the kidney is becoming constantly more frequent. On the 
other hand, a small stone which causes blockage of a calyx or complete 
obstruction at the ureteropelvic junction will cause symptoms of such 
severity as to compel the patient to seek medical aid at once. The result 
is prompt cystoscopic or surgical removal of the stone, often before it 
has had time to seriously damage the renal pelvis or parenchyma. In a 
sense, therefore, early obstruction by a stone which cannot be passed 
spontaneously is fortunate, since its removal may thereby be promptly 
accomplished and the function of the kidney conserved. If the stone is 
retained, infection inevitably sets in and ultimately results in complete 
destruction of the kidney. 

The most constant complaints are of pain, hematuria, and pyuria. 

A majority! of the patients give a history' of pain on the affected side. 
This may vary from an occasional twinge or dull ache to the excruciating 
form of pain known as renal colic. The severity of the pain depends on 
the degree of urinary' obstruction present. A calyx obstructed by a 
calculus plugging its infundibular portion will give rise to a dull pain in 
the loin but seldom to a sharp colic. 

If a calculus lodges at the ureteropelvic junction, completely’ obstruct- 
ing the renal pelvis, a renal colic will ensue which will not be relieved 
until the stone becomes dislodged. The pain will usually be located 
by the patient in the loin. It may be referred to a point just over the 
crest of the ilium and back to the costovertebral angle on the affected side. 
There is frequently pain and tenderness along the course of the ureter. 
Hematuria usually accompanies an attack of renal colic. There is rarely 
sufficient blood to cause clotting. It more often is diffusely’ mixed with 
the urine, giving the latter a smoky or a distinctly’ mahogany color. The 
total output of urine will be greatly decreased, and occasionally the stone 
may be so lodged as to induce complete anuria. Anuria also may' follow 
any’ manipulation of a kidney containing a calculus. It is a most serious 
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manifestation and one that will tax the urologist’s ingenuity to the 
utmost. Again, anuria may be due merely to the intense pain, in which 
event relief of the pain will usually be followed by a copious emptying 
of both renal pelves, constituting a true polyuria. The attacks of renal 
colic may last only a few minutes, but as a rule they persist for several 
hours and sometimes for days. Their duration is regulated by the size 
and surface consistency’ of the stone, as well as by the progress — or lack 
of progress — made by the stone in descending the urinary tract. If the 
calculus does not completely obstruct the outflow of urine, there will be 
less continued pain than when dilatation is added to the disturbance 
caused by the presence of the stone itself. 

Between the acute attacks of pain there may be showers of crystals or 
“sand” in the urine. Albumin, blood, and pus are also frequently present 
in the urine. Unfortunately, the blood is often microscopic in amount 
and not directly visible. Pyuria is usually present when a stone is large 
and has inhabited the kidney for a long period. 

Diagnosis. The usual preliminary steps of examination— history, 
general physical examination, kidney palpation, examination of the urine, 
tests of renal function — will give presumptive evidence for or against 
renal stone. A history of dull but persistent pain in the kidney area, 
which increases upon exertion, or of attacks of renal colic, with hematuria 
or pyuria or both, and the finding of pus, blood, and crystals in the urine, 
are strongly suggestive of stone in the upper tract. Since these symp- 
toms and signs are not typical of renal calculus alone, but occur in 
numerous other renal and ureteral conditions, diagnosis based upon 
symptoms and the findings of urinalysis can only be tentative. 

Not only must other conditions in the kidney be ruled out, but the pain 
must be differentiated from that due to disease of the gall-bladder or 
appendix, or caused by intestinal obstruction. Many patients with 
prwed cakxthus disease of the eight kidney or ureter ha ”e had a previous 
history of operation for the removal of the gall-bladder or appendix 
because of pain in the middle or lower anterior quadrant of the abdomen. 

The main reliance in renal stone must be placed upon roentgenography. 
A plain x-ray examination, at least, should be made in every case where 
the clinical history suggests the possibility of stone in the upper urinary 
tract, or where pus, blood, and crystals are found in the urine. This 
examination should include the kidneys, ureters, and bladder (Roent- 
genography of the Gemto-Urinary Tract, p. 126). In the properly pre- 
pared patient, renal stones can be demonstrated by plain x-ray in a very 
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high percentage of cases (98 per cent, Joly) because calcium oxalate and 
calcium phosphate, the predominant constituents of renal stones, cast 
very good shadows. “Pure” urates and uric acid stones, which cast 
no shadows, are the exception in the upper tract. Such stones in the 
kidney or ureter soon become mixed with calcium salts, after which they 
can be identified by the x-ray. The following findings of the English 
urologist, Winsbury-White, regarding the relative opacity of urinary 
stones are of especial interest: 

The relative opacity of calculi of equal depth depends upon the atomic or molecular 
weights of their constituents. 

The opacity of a calculus is determined by (1) the nature of its constituents, (2) 
its structure, (3) its thickness. 

Calcium oxalate and calcium phosphate give very good shadows. They are very 
common constituents of urinary calculi. The high relative opacity is due to the 
high atomic weight of the calcium present in these salts. 

All the other common urinary salts give relatively poor shadows. They include 
the urates, uric acid, and triple phosphate. 

Cystine and xanthine also give poor shadows in the pure state, but of slightly more 
opacity than the foregoing owing to the sulphur they contain. 

It is rare for any of the foregoing substances to be the sole constituents of a stone. 
This applies to cystine as well as to the more common varieties. There is frequently 
calcium oxalate or phosphate present. 

The plain roentgenogram may show (1) a shadow or shadows indica- 
tive of stone, (2) complete absence of shadows, (3) a shadow of doubtful 
nature. Whether the x-ray be positive, negative, or doubtful, further 
study— preferably by means of cystoscopy and retrograde pyelography — 
will be required. Shadows in plain films should be regarded as presump- 
tive evidence only until they are proved by confirmatory urograms and 
tests. The absence of a shadow in a plain film cannot be accepted as 
proof that a calculus is not present in the kidney. If stone is present, a 
filling defect or other abnormality may frequently be observed in a con- 
trast urogram, and should leave a much narrower margin of error. Com- 
parison of the pyelogram with the plain film will help to differentiate 
renal from extrarenal shadows in doubtful cases. 

The plain roentgenogram will show whether the stones are unilateral 
or bilateral, and give information as to their location, size, and shape, 
and some idea regarding their number, though this last is not always 
reliable. The complications of obstruction-infection, which arc prob- 
lems in most of these cases, cannot, however, be studied by this means. 
Cystoscopy and retrograde pyelography will be necessary (1) to ascertain 
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how far the presence of the stone has injured the function of the organ, 
(2) to determine whether or not hydronephrosis is present, and (3) to 
secure a specimen of urine from each kidney to be examined for the 
presence or absence of infection and for determinations of the pH and 
of the type of crystals and sediment present. These are all very neces- 
sary procedures for positive diagnosis and the collecting of data which 
will determine the method of treatment. The pyelogram will also show 
whether the calculus has formed in a horseshoe, hypoplastic, ectopic, or 
other congenitally anomalous kidney. 

Higgins (1936) has emphasized the importance of determining the pH 
of the urine from the kidney harboring the stone, due to the fact that 
in many cases the pH of the urine from the affected kidney is not the 
same as the pH of the urine from the opposite kidney or from the bladder, 
even though there is no coexisting infection. In 17 patients in his series 
it was found that a unilateral urea-splitting organism was present, which 
would account for the difference in the pH of the urine from the kidney 
containing the stone. In 11 cases, however, no infection was present 
in either kidney, but there was marked impairment of renal function and 
stasis in the kidney harboring the calculus. Since it is essential to deter- 
mine whether the stone is forming in the presence of an acid or an alkaline 
urine, it is necessary that specimens be obtained from the kidney which 
contains the stone. 

It is important that the roentgenographic examination be extended to 
both sides since frequently stones are present in both kidneys but only 
those in one organ will give indication of their presence. 

As a rule, intravenous urography is less satisfactory than the retro- 
grade method for the study of renal stone and the coexisting pathology. 
While entirely satisfactory in some cases, in others the intravenous uro- 
gram leaves a doubt as to the presence or absence of stone. If the 
renal function is good, the contrast medium will be excreted too rapidly; 
if poor, no solution may be excreted on that side, and the presence of stone 
can only be inferred. Therefore, a bilateral ascending pyelogram should 
be obtained whenever possible. If obstruction prevents this, or if 
cystoscopy is for any reason contraindicated, a plain x-ray followed by 
an excretory urogram should be made. 

Prognosis. Untreated unilateral calculus may entirely destroy a 
kidney and yet give no sign. Much more often, however, the untreated 
stone causes more or less continuous suffering and ill health and eventu- 
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ally brings about a situation in the urinary tract which is incompatible 
with life. 

With modem methods of surgery, operative removal of the stone, 
with conservation of the kidney, is possible in many cases. Only too 
often, however, an irreparably damaged kidney, multiplicity of stones, 
very large stones, or obstruction-infection makes nephrectomy necessary. 

Recurrence of stone-formation following removal is very frequent 
(Problem of Recurrence, p. 1609). In recent years theincidence of recur- 
rence has been materially lessened in various clinics by postoperative 
dietary and other therapy. A better understanding of the etiology of 
stone-formation, improved diagnosis and earlier institution of treat- 
ment, and intelligent follow-up observation and treatment of patients 
who have passed or had surgical removal of a urinary' stone have con- 
siderably improved, and should still further improve, the prognosis in 
renal stone. 

Treatment. Two problems are involved in the treatment of renal 
stone: (1) the removal of an existing stone, and (2) the prevention of 
recurrence of stone-formation following the removal or passage of a stone. 

The so-called dietary management of stone is indicated chiefly in the 
prevention of recurrence. Under exceptional circumstances it may be 
advisable to substitute this method of treatment for surgery— for in- 
stance, in certain cases of small, non-obstructing calculus located in a 
calyx, or in individuals who have repeated attacks of renal colic and pass 
small calculi or gravel but show no roentgenographic evidence of stone, 
or in patients immobilized in bed for long periods because of fractures 
(these often form renal stones). This plan of treatment is described in a 
separate section (Problem of Recurrence, p. 1609). 

Every' stone in a kidney constitutes a hazard to its host; therefore, if 
it cannot be spontaneously expelled, its removal by' operation is usually 
indicated, though this is seldom an emergency’ procedure. Caulk states: 
“A stone in the kidne.v is actively' or potentially' a menace — actively if 
accompanied with infection — potentially if not.” Untreated renal stones 
may' cause trouble by’ destruction of kidney tissue through pressure 
necrosis, by plugging the ureter at the ureteropelvic junction or obstruct- 
ing a calyx, by setting up infection or prolonging a preexisting infection 
in the kidney, or by acting as a focus for the production of infection in 
the opposite kidney. Even small stones— particularly' small, jagged 
stones in the lower calyx — are a potential source of serious trouble and 
should not be allowed to go unattended. 



INJUBIES AND DISEASES OF KIDNEY 1607 

The choice of treatment often presents problems which tax the inge- 
nuity and skill of the urological surgeon to the utmost. The number, 
size, shape, and location of the stones, the presence or absence of infec- 
tion, the amount of anatomical damage and of functional impairment 
that the kidney has sustained, and the condition of its mate — these are 
the chief factors which influence the treatment to be pursued. 

Unilateral Slone. Stones located in a calyx, which are too small to 
block the ureter, may usually be treated expectantly unless a severe 
infection is present. If smooth and rounded, and particularly if occur- 
ring in the upper and middle calyces, these will frequently pass spon- 
taneously. Stones in the lower calyx, particularly if irregular in type, 
usually call for some form of intervention, though sometimes these too 
may pass. The usual method, in cases treated expectantly, is to encour- 
age the patient to drink large quantities of water to promote diuresis, 
give him medication by mouth to keep the urine acid or alkaline, as 
desired, and keep him on a proper dietary regime to prevent growth of 
the stone or the formation of other stones, if possible. Dilatation of the 
ureter, by eliminating obstruction, will sometimes cause small calculi to 
pass from the kidney. Renal pelvic lavage is useful in causing expulsion 
of collections of pus and even gravel. We prefer rivanol dextrose, 1 : 2,000 
or acriflavine, 1 : 2,000. Irrigating the renal pelvis with phosphoric acid, 
1 per cent sometimes helps to dislodge calculi, which then will pass 
through the enlarged ureter. If the stone shows a tendency to descend, 
it can be watched by x-rays, and it may safely be temporized with for a 
period of several months, provided no contraindication develops. If, 
however, marked infection or signs of obstruction are present or develop, 
prompt operation is advisable, even though stones have been known to 
exist for years without change. Every patient harboring a stone should 
have impressed upon him the importance of remaining under regular 
observation. 

Patients with multiple stones present a difficult problem since the 
chances of complete removal at operation are less than with, single stones 
and the likelihood of so-called "recurrence” is consequently increased. 
Repeated attacks of renal colic, symptoms of infection or of diminishing 
function, or roentgenographic evidence of increase in the size or number 
of the stones call for surgical intervention. 

Medium-sized and large stones that are causing symptoms should be 
removed by appropriate operation whenever possible, since, if they are 
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permitted to remain, serious damage to the kidney is almost certain to 
ensue, making nephrectomy inevitable. 

If an operation has been decided on, the next question is whether a 
conservative procedure (nephrotomy, pyelotomy, heminephrectomy, 
calyceal resection) -will serve, or whether a nephrectomy is needed. One 
cannot be guided entirely by the preliminary urinary, functional, and 
roentgenographic findings. The condition of the kidney, as revealed at 
operation, is often of much greater value in arriving at a decision than 
these preliminary tests. Even severely damaged kidneys often recover 
to a surprising degree once they have been freed of stones and adequately 
drained. A kidney with lowered function, but with no evidence of marked 
sepsis or hydronephrosis, should therefore be treated conservatively. 

Removal of the stone should be accompanied by a minimum of trauma. 
Formerly it w r as our practice to perform pyelotomy whenever that pro- 
cedure could possibly be done, because it was less destructive than the 
old method of nephrotomy which required closure by mattress sutures, 
sometimes causing destruction of as much as 25 per cent of the renal 
substance. Since the introduction of the Lowsley method of repairing 
nephrotomy wounds by the use of ribbon gut (using pads of fat for 
hemostasis), nephrolithotomy has become the operation of choice in 
most of our cases. We now do pyelolithotomy only when the renal pelvis 
is very large and there is no danger of a stricture forming at the pelvic 
outlet— a calamity which formerly happened frequently. 

Nephrectomy is required when the kidney is so extensively and irrepa- 
rably damaged that it is useless as a functioning organ. 

Heminephrectomy is indicated when the stone and accompanying infec- 
tion are confined to one pole of the kidney. This operation should be 
done more often than it now is by most operators. 

Resection of a calyx is advisable in certain cases, in order to prevent 
recurrence. Dependent calyces, and those constricted in the infundibu- 
lar portion, predispose to the formation of renal stones. In many cases, 
removal of a stone from such a calyx is followed in a short time by forma- 
tion of a second stone. 

The above operations are described under Operative Treatment of the 
Kidney (pp. 1671, 1672, 1679, 1683, and 1684). 

The most urgent indication for immediate operative removal of stone 
in the upper tract is the occurrence of anuria or marked oliguria due to 
sudden blocking of the pelvic outlet by a stone— a relatively infrequent 
but extremely serious complication. In calculous anuria, reflex inhibit 
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tion of an opposite kidney frequently coexists. With blockage of the 
ureter by the stone, the pressure of urine behind it rises and the kidney 
ceases to function; simultaneously the opposite kidney is reflexly affected 
and renal activity ceases. Unless the anuria is promptly relieved, death 
is inevitable. If the obstruction cannot be overcome at once by catheter, 
immediate operation must be done to remove the obstruction and estab- 
lish drainage from the kidney. Operation on the reflexly inhibited mate 
is seldom required. 

Stone in Solitary Kidney. Obstruction-producing stone in a solitary 
kidney presents a very serious and difficult problem. Surgery is usually 
imperative and, obviously, must be as conservative as possible. As a 
rule, preliminary catheter or nephrostomy drainage is advisahle. 

Bilateral Stones. Bilateral calculi always present a serious problem 
because of the accompanying diminution of function on both sides. 
Conservative surgery is, of course, an important requisite under these 
circumstances. Intervention on both sides at one operation is rarely 
advisable except when rapid bilateral nephrostomy becomes necessary, 
as it not infrequently does when there are large, infected staghorn calculi 
in both kidneys or when stones are obstructing both pelves. Generally 
speaking, when operation on both kidneys is indicated, it is preferable 
to remove the stones from the kidney showing the better function and 
less anatomical damage first. This insures good function of one kidney. 
When the patient has recovered from this procedure, the other kidney 
is operated upon. Should exposure of the poorer kidney reveal condi- 
tions requiring nephrectomy, the surgeon may remove it in the com- 
forting knowledge that its mate is repaired and functioning well. How- 
ever, if some emergency condition exists in the more seriously impaired 
kidney, this kidney should be the first one operated on. 

Because of the great variation in the clinical picture presented in cases 
of bilateral nephrolithiasis, it is difficult to establish even general rules 
as to treatment. Obviously, nephrectomy should be resorted to only 
under exceptional circumstances, such as when one kidney is pyo- 
nephrotic and functionless and absorption from it is causing a strain on 
the opposite organ. 

Follow-up Treatment: Problem of Recurrence. The recurrent forma- 
tion of urinary calculus following removal constitutes an outstanding 
problem in urological surgery’. The importance of intelligent follow-up 
observation and treatment for cases of urinary’ stone cannot be over- 
emphasized. The formation of calculi must be considered a manifesta- 
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tion of some underlying disease, and surgical removal of a stone is but 
one phase of treatment. Careful investigation must be carried out to 
determine the etiological factors responsible in the individual case, and 
the correction of these factors must be accomplished in order to minimize 
the formation of recurrent stones. Patients should be examined as 
frequently as their conditions warrant by roentgenography and urog- 
raphy, supplemented by repeated studies of blood and urinary chemistry. 

True Recurrence and Pseudo-Recurrence. True recurrence is the 
formation of a calculus after complete removal of the primacy' stone. 
Pseudo-recurrences are stones or fragments of calculi left behind at 
operation. Since these fragments may act as nuclei for the further 
formation of calculi, every precaution should be taken to avoid over- 
looking them during the operation. Preventive treatment therefore 
begins at the operating-table. The more general employment of operat- 
ing-room roentgenography has greatly decreased the danger of leaving 
stones behind. This procedure is particularly valuable in cases where 
there are numerous small stones or large branched calculi, and, by reveal- 
ing stones or fragments left behind, has undoubtedly saved many patients 
from future operations. 

The making of an x-rav postoperatively, before the patient leaves the 
hospital, should be a routine procedure in cases of urinary' stone. If, 
despite every care, a stone has been overlooked, its presence will at least 
be known. Unless such a postoperative x-ray is made, it is impossible 
to state definitely whether a recurrence is true or false. 

Soft stones, in the opinion of Higgins, are more likely to recur than 
those of harder consistency. This is probably because soft stones are 
likely to leave fragments or “sand” which serve as nuclei for further 
stone-formation. These particles are difficult to detect during operation, 
even by x-ray. 

Etiological factors that must be considered in the true recurrence of 
stone are: stasis, infection (local and focal), vitamin-A deficiency, meta- 
bolic dyscrasia, and hyperparathyroidism. 

Preseii l ion of Recurrence. Stasis. The elimination of stasis is an 
important step in the prevention of recurrence. Though stasis of itself 
does not cause calculus-formation, when infection is superimposed, 
retention becomes an important predisposing cause. 

Infection (Local and Tocal). Local infection persisting after the 
removal of a stone appears to play a predominant role in recurrence. 
Most investigators are agreed that staphylococci and the Bacillus protcus 
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are of major importance in the re-formation of phosphatic stones. Our 
own clinical findings agree with this. Schneider and Coudotiens, in an 
examination of 51 cases, concluded that the colon bacillus results in the 
formation of oxalic calculi and that cocci give rise to uratic calculi. 
Illyes believes that the formation of calcium phosphate stones may be 
due to cocci and that a colon bacillus infection may arise later and crowd 
out the cocci. 

Before treatment of infection in the urinary tract can be intelligently 
planned, it is essential to determine the exact type of offending bacteria. 
Cocci and the Bacillus prot:us must be eliminated from the urinary tract 
if recurrence is to be prevented. Sulfanilamide has been of decided value 
in eradicating proteus infection, which is extremely resistant to other 
forms of treatment, such as the high acid ash diet, the ketogenic diet, 
and the oral administration of acidifying agents. In other types of 
infection, the sulfonamides, mandeJic acid, and methenamine are very 
useful in eliminating the infection (Urinary Antiseptics, p. 1162). In 
many instances, particularly in infections with organisms of the colon 
group, the use of the high acid ash diet and an acidifying agent is sufficient 
to eradicate the infection, as the pH of the urine is maintained between 
5.0 and 5.2 indefinitely. 

Pelvic lavage with antiseptics, such as rivanol dextrose, 1:2,000 or 
acriflavine, 1 : 2,000, should be carried out. Phosphoric acid, 1 per cent 
is useful in the treatment of proteus infection. 

In most cases, fluids should be forced. The greater the volume of 
urine, the less likelihood there will be of precipitation of any given crystal- 
loid which may be present in the stone. Also, the forcing of fluids will ' 
flush out the urinary tract and help to prevent the collection of pus and 
debris. In mandelic acid therapy fluids are restricted. 

In every patient from whom a stone has been removed, remote foci 
of infection— e.g., in the teeth, tonsils, sinuses, bowel, prostate, seminal 
vesicles, or cervix — should be eliminated or at least minimized. 

Vitamin-A Deficiency. In order to assure the presence of ample 
vitamin A in the diet, it is usually advisable to augment both the high 
acid ash diet and the high alkaline ash diet with the administration of 
vitamin A in the form of haliver oil capsules, cod liver oil, or carotene 
in oil. 

Regulation or the pH of the Urine by Diet, Medication, and 
Fluids. The pH of the urine should be controlled by the use of a diet 
which is prescribed in accordance with the chemical constituents of the 
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stone, the object being to regulate the pH to the point at which the salts 
essential for the formation of a stone are not precipitated. Such pre- 
cipitation, it has been found, can be prevented by dietary means. How- 
ever, each patient must be individualized and the closest cooperation 
between the physician and the patient is necessary. 

The stone, when passed or removed, should be subjected to chemical 
analysis to determine whether the salts present are those which are 
precipitated in urine with an alkaline or an acid reaction. It is well 
also to take cultures from the center of the calculus in an effort to de- 
termine the presence of bacteria. 

(Acid Diet and Medication .) If the calculus is found to be composed 
predominantly of phosphates or carbonates, or if the urine from the 
kidney which harbored the calculus is alkaline, the high acid ash diet 
should be prescribed in order to secure acidity of the urine, thereby 
preventing the precipitation of the phosphates and carbonates of calcium 
and magnesium, which are the chemical constituents of most recurrent 
renal calculi (see High Acid Ash Diet, p. 1189). The urine should be 
reduced to and maintained at an approximate level of from 5.0 to 5.2. 
It must be tested daily and the acid ash content of the diet regulated 
according to the pH of the urine until the desired level is reached. If 
necessary, an acidifying agent, such as ammonium chloride, is given by 
mouth. Before leaving the hospital the patient should be given instruc- 
tions regarding the details of the diet and the making of his own daily 
determinations of the pH of the urine. 

As a rule, some supplementary acidifying drug is necessary. The 
choice of a suitable acidifying agent is of great importance. Most widely 
used for this purpose has been sodium acid phosphate. However, Barney 
and Sulkowitch have pointed out that this agent has the disadvantage 
of increasing the phosphate concentration in the urine. Phosphoric acid 
is not as powerful as hydrochloric acid and, therefore, phosphatic salts 
will not increase the acidity oi the urine as much as will chloride salts. 
In their opinion, ammonium chloride should be used by preference be- 
cause the chloride forms no insoluble salt in normal urine and is to be 
preferred to ammonium nitrate, which might serve as a second choice, 
though the use of chloride is more physiological than the use of the 
nitrate. 

Patients on a high acid ash diet do well to drink distilled water or 
some non-alkaline water, of which Poland water is a good example. 

There are certain hazards and contraindications to an add regime. 
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With, impaired kidney function there is inability on the part of the kidney 
to excrete acid; in such cases a severe acidosis may result, which will be 
manifested by a high chloride level and a low carbon-dioxide-combining 
power of the plasma. Frequent blood examinations are therefore essen- 
tial during the entire course of such therapy. A similar effect may obtain 
where kidney function is normal, or nearly so, but there has been restric- 
tion of fluids for therapeutic purposes, as in mandelic acid therapy. 

Acid therapy is likewise contraindicated when there is present a urinary 
infection due to urea-splitting organisms, such as the Bacillus proteus , 
which converts urea into ammonia, thus producing an excessively alka- 
line urine. In this type of infection, the pH. of the urine cannot be 
reduced to the acid side either by the use of the add ash diet, the keto- 
genic diet, or acidifying drugs. Acid therapy in such cases is not only 
useless, but may be definitely harmful inasmuch as this regime leads to 
an increased amount of calcium and phosphorus in an alkaline urine and 
hence an increased precipitation of these salts. Oppenheim and Poliak, 
Barney and Sulkowitch, and others have reported that where such 
therapy has been utilized, existing stones have occasionally grown larger 
or more stones have formed. 

It must also be taken into consideration that an increased calcium 
excretion may not be desirable in the presence of calcium oxalate stones. 
For these patients, a low oxalate diet is preferable (Low Oxalate Diet, 
p. 1194). 

Patients on a Sippy diet for peptic ulcer, who have passed a stone or 
had one removed, present a difficult problem. The acid regime is help- 
ful in preventing recurrence of phosphatic stones — the type of calculus 
which usually forms in these cases— but is harmful for the ulcer. An 
intermediary regime must therefore be worked out for the individual case. 

A number of workers have recently pointed out the undoubted fact that 
an increase in the amount of calcium excreted in the urine is regularly 
noted when large quantities of acid-producing foods are ingested. The 
effect of a lower hydrogen -ion content would in this way be offset. 
Flocks and his co-workers therefore undertook to make quantitative 
estimates of the relationship. They studied the effect of an acid ash diet 
and ammonium chloride in two groups of patients: (1) those with ex- 
cessive urinary calcium excretion, and (2) those having a normal or sub- 
normal urinary calcium excretion. 

Wien the group with the high urinary calcium excretion was placed upon an acid 
ash diet, supplemented by 4 grams of ammonium chloride daily, a marked increase in 



urinary calcium was obtained. Thus, on an add ash diet containing 0.8 gram of 
calcium daily, urinary excretions of 400 to 450 mgm. of caltium daily were obtained. 

In contradistinction, the group with the low urinary calcium showed low responses 
to the same diet and medication. Values of 200 to 250 mgm. of calcium per 24 hours 
in the urine were obtained. This is of considerable import in the treatment of pa- 
tients with renal stones by means of the acid ash diet. In the first group, the group 
showing high urinary calcium, relatively little or no beneficial effect is to be expected 
from the acid ash diet. Moreover, if urea -split ting organisms arc present in the 
urine, or the slightest amount of stasis is present, harmful effects, such as were ob- 
tained by Oppenheimer and Pollack, may result. In contrast, in the second group 
of patients, those showing a low urinary calcium and a low urinary calcium response 
to the acid ash diet, this type of diet is ideal, if the desired urinary pH can be obtained. 

Flocks calls especial attention to the fact that most preparations 
containing high vitamin A values arc also rich in vitamin D, and that, 
experimentally, vitamin D has been observed to induce increased calcium 
excretion in the urine. All his patients, whether front one group or the 
other, showed an excessive urinary calcium response when placed upon 
even moderate dosage with vitamin D. The response from patients 
who already had an abnormally high urinary calcium excretion was much 
more marked than that obtained from the normal controls. These find- 
ings emphasize the necessity of studying each patient individually before 
attempting dietary treatment. 

{Alkaline Diet and Medication) If the stone is found to be composed 
of uric add or of cystine, or if the reaction of the urine from the kidney 
which contained the stone is acid, the high alkaline ash diet with a 
moderate protein intake of a purine-free nature, supplemented by the 
oral administration of alkalies, should be prescribed in order to secure 
alkalinity of the urine and thus prevent precipitation of uric acid and 
cystine salts (see High Alkaline Ash Diet, p. 1192). The excretion of 
cystine in the urine is increased by an increase of the protein intake. In 
general, fluids should be forced as much as possible. It is advisable to 
use an alkaline water, such as Kalak water. 

Frequent examinations of the urine should bemade during the process 
of instituting an acid regime, to ascertain that urates, uric add, or oxalate 
crystals are not being precipitated. Likewise, when using an alkaline 
rfigime, the urine must be examined for the precipitation of phosphates 
and carbonates. 

Results of Dietary Therapy. That the recurrent formation of 
calculi can be greatly lessened by proper dietary precautions has been 
proved That stones other than cystine calculi can be dissolved by such 



therapy is doubtful, although reports of the spontaneous disappearance 
of stones occasionally appear in the literature. 

C. C. Higgins (1936) stated that the incidence of recurrent stone in 
his clinic was reduced from 16.4 to 4.7 per cent in 4 years by the employ- 
ment of a dietary regime in conjunction with other, older therapeutic 
procedures. He also reported a series of 35 individuals with calculi 
‘‘which have been caused to undergo complete solution and disappear- 
ance” following the administration of either a high vitamin A acid ash 
diet or of a high vitamin A alkaline ash diet, as required. Oppenheimer 
and Poliak, in 1937, reported the results of their attempts to dissolve 
calculi by the use of the dietary regime described by Higgins. Twenty- 
seven patients with single or multiple radio-opaque renal calculi were 
studied for from 6 to 16 months. "In none was a complete or partial 
solution of the urinary calculus noted in the frequently controlled x-ray 
films. Five patients showed an increase in size in their renal calculi, 
and in one patient a new stone formed while on the regime.” In the 
same year Barney and Sulkowitch reported that patients with phosphate 
or carbonate stones treated with an acid ash diet and acidifying agents 
had no recurrence of stone or increase in the size of existing stones. Al- 
though in two cases newly formed and loosely formed stones disappeared 
with the acid treatment, attempts to dissolve well-formed stones were 
unsuccessful. Both Barney and Sulkowitch and Oppenheimer and 
Poliak reported an increase in the size of calculi and the formation of 
new stones in the presence of an infection with a urea-splitting organism 
as a result of acid therapy. 

Although exact statistics are not as yet available, we can unequivocally 
state that follow-up observation and treatment by means of diet, medi- 
cation, and the other measures outlined above have materially lessened 
the incidence of recurrence in our own clinic. The following is an outline 
of the postoperative regime used by us in our cases of kidney stone during 
the past 7 years: 

A. Examination: 

1. Analysis of calculus 

2. Serum calcium — serum phosphorus — phosphatase — blood uric acid — 

urea 

3. Differential renal function tests 

4. Postoperative x-rays to exclude pseudo-recurrence 

5. Bacteriological studies 

6 . Urinalysis and urinary acidity 
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B. General measures: 

1. General physical examination 

2. Elimination of focal infection 

3. Maintaining general health at highest level 

C. Specific measures: 

1. Overcome infection of urinary tract 

a. Urinary antiseptics: sulfonamides, mandelic acid, methenamine, 

acrifiavine 

b. Pelvic lavage, ureteral dilatation, indwelling catheters, surgical 

drainage occasionally 

2. Vitamin A 

Haliver oil capsules, cod liver oil, carotene 

3. Alkaline stones 

a. Acid ash diet 

b. Keep urinary’ below 5.2; if diet fails to do this, ammonium 

chloride, dilute nitrohydrochloric acid 

c. In calcium oxalate calculi, diet low in oxalates 

4. Uric acid calculi 

a. Keep urine markedly alkaline with alkaline ash diet and alkaliniz 

ing drugs 

b. Diet low in purines 

5. Cystine calculi 

a. Intense urinary alkalinization 

6. Urinary f>H determined by patient daily 

7. X-ray check every 4 months 

Hyperparathyroidism. All patients with urinary stone should be 
carefully examined for hyperparathyroidism. Particular care must be 
taken in the examination of the neck to determine whether a palpable 
parathyroid tumor is present. The calcium and phosphorus content of 
the blood and the elimination of calcium and phosphorus in the urine 
should be ascertained. In hyperparathyroidism there is seen a high 
blood serum calcium and a low blood serum phosphorus, and a high 
urinary calcium and excessive excretion of phosphate. The finding of 
osseous changes characteristic of the disease is evidence of great value. 
Such investigation is of particular importance when renal stones are 
bilateral or recurrent, and when chemical analysis of the stone indicates 
its composition to be entirely or largely of calcium phosphate. 

In cases of recurrent renal calculi due to hyperparathyroidism, surgical 
correction of the abnormal conditions in the parathyroids is essential. 
Whether the renal stone or the tumor should be removed first depends 
upon the circumstances of the individual case. Upon this point, Church- 
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ill and Cope (1936), writing upon the surgical treatment of hyperpara- 
thyroidism, state: 

The tendency at the moment is to regard the disturbance of parathyroid function 
as a chronic disorder of metabolism which can be handled in due time after the obvious 
problem of conserving kidney function has been settled. In many instances, as 
when a calculus is blocking a ureter, this is the correct sequence of procedures. On 
the other hand, many sequelae of renal surgery such as sepsis and temporary dis- 
turbance of renal function may be poorly tolerated or intensified in the face of severe 
hyperparathyroidism. These same sequelae of renal surgery may in turn make 
proper handling of the hyperparathyroidism more difficult. The only answer that 
can be offered at the moment is that the urologist must- consider the disease as a 
whole and not endanger the patient by myopic regional surgery. As a general rule, 
the initial step in treatment will be the correction of basic disturbances in metabolism. 
Although the skeletal changes incident to hyperparathyroidism are crippling and 
painful, the real hazard of the disease is the damage suffered by the kidneys. . . . 
Only a failure to grasp this fact can account for a revival of the treatment of hyper- 
parathyroidism by dietary measures The treatment of hyperparathyroidism 

by a diet high in calcium and phosphoms is not only inadequate but positively 
dangerous. 

These authors consider renal impairment to be one of the main indications 
for partial resection of the parathyroids. 

Dissolution of Calculi by Chemical Means. We have been able to dis- 
solve newly formed phosphatic calculi in a few instances. Most of these 
were recurrences that had taken place during postoperative convales- 
cence. The citrate solution originally employed by us for irrigating the 
renal pelvis was composed of sodium citrate, 45.2 Gra., citric acid, 38.0 
Gm., and distilled water to make 1,000 cc. This, however, is irritative 
to renal tissue and is often followed by pain, hematuria, and pyrexia. 
We have had better results with the following solution ("G M solution) : 


Citric acid monohydratc 32.875 Gm. 

Magnesium oxide anhydrous 3.840 Gm. 

Sodium carbonate anhydrous 4.370 Gm. 

Distilled water sufficient to make 1000 cc. 


Resulting /ill should be 4.0 when solution Is ready for use. 

Autoclave solution at 15 pounds pressure for 20 minutes. 

The pelvis is usually irrigated through a No. 5-F. catheter, and drained 
through a No. 8 or 9-F. catheter. If a nephrostomy tube is still in place, 
we employ through-and-through irrigation. 

Movable Kidney ( Nephroptosis) 

Introduction. The normal kidney is loosely fixed by the vascular 
pedicle, fattv capsule, perirenal fascia, and intra-abdominal pressure. 
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and moves from 2 to 5 cm. in its niche with respiration. It also 
moves with change of bodily positions. A comparison of pyelo-uretero- 
grams taken with the patient in the dorsal and erect positions will show 
that the kidney normalfy drops as much as 10 to 12 mm. with as- 
sumption of the upright posture. The ureter and renal pedicle adjust 
themselves to these slight changes of position without disturbance of 
function. 

By the term "movable kidney" is usually indicated one whose ex- 
cursions exceed the normal movements incident to respiration and change 
of posture. It includes those kidneys discernible by palpation, as well 
as the rare, congenital "floating” kidney which has become intra-ab- 
dominal and may wander even across the median line. 

A palpable kidney, however, is not necessarily abnormally mobile or in 
any way pathological. In a thin person it is always possible, during 
deep inspiration, to palpate the lower pole of the kidney. More- 
over, abnormal movability is not in itself pathological. In many in- 
dividuals, whose kidneys undoubtedly have a greater range of motion 
than normal, there are absolutely no symptoms which can be related to 
this condition. The blood supply and the ureter, in these cases, adjust 
themselves so readily to the changes of position that there is no functional 
or symptomatic disturbance, and the abnormal movability is usually 
discovered during a routine physical examination. Movability becomes 
pathological when it impedes free urinary drainage, or causes disturbances 
of the renal blood or nerve supply, producing symptoms referable to the 
urinary tract, or reflex gastric or nervous symptoms. Clinically, there- 
fore, two groups of movable kidneys must be differentiated: (1) nephrop- 
tosis without symptoms or functional disturbances, (2) nephroptosis 
with symptoms. The first group requires no treatment and is of little 
clinical importance. 

Historical. The earliest reference to the subject of nephroptosis is 
that of Meuse, of Venice, published in 1495. Rayer discussed it in his 
epochal classic, produced in 1841. In 1859 Dietl described the condition 
since known by his name— Dictl's crisis. Hare, in 1860, advocated the 
use of elastic abdominal belts to support ptosed kidneys. The first 
suspension was done by Hahn, of Berlin, in 1881. In the later years of 
the nineteenth century and the opening decade of the twentieth there 
was a period of over-enthusiasm when all patients in whom movable 
kidneys could be demonstrated were subjected to nephropexy, and the 
operation achieved the proportions of a fad. This abuse of nephropexy 
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was followed by a period of time in which the operation was discredited, 
and the nephroptotic patient was surgically neglected. During the past 
twenty years there has been marked advance in the diagnosis of renal 
disease. The tendency at present is to believe that nephropexy is a very 
useful operation in properly selected cases of nephroptosis, but that by 
no means all cases require kidney elevation. 

Incidence. Mobility of the kidney has been variously reported in 
medical literature to be present in from 18 to 22 per cent of all women 
(18 per cent, Kidd, MacKenzie; 20, Hinman; 22, Glenard, Edebohls, 
Kelly and Bumatn), and in from 1 to 2 per cent of all men (1 per cent, 
Kidd, MacKenzie; 2, Hinman, Kelly and Burnam). In Mathe’s series 
of 90 cases, there were 72 women and 18 men; in Deming’s series of 74 
cases, there were 63 women and 11 men. Of 263 patients with symptom- 
producing nephroptosis seen at the Squicr Urological Clinic of the Pres- 
byterian Hospital, New York, from 1928 to 1938, 221 were females and 
42 males (Fish and Hazzard). Of 47 patients with nephroptosis seen 
at the Brady Urological Foundation, of the New York Hospital, during 
1937 and 1938, 42 were females and only 5 males. 

When the ptosis is unilateral, the right kidney is involved much more 
frequently in women; but in men the involvement of the right and left 
sides is more nearly equal. Bilateral involvement is relatively common. 
Of 38 patients who had nephropexies for primary nephroptosis at the 
Brady Foundation from 1921 to 1935, 28 had a right nephropexy, 4 a left, 
and 6 both right and left (Church, 1936). Of the 47 patients seen at the 
Brady Foundation in the years 1937 and 1938, 43 had right-sided ne- 
phroptosis, 4 bilateral ptosis, and in no instance was there ptosis of the 
left kidney (Hawes, 1938). Fish and Hazzard found ptosis of the right 
kidney in 166 patients, of the left kidney in 25, and of both organs in 72. 
Deming found the right kidney involved in 53 cases, the left in 11, and 
both sides in 10. 

Though young girls occasionally suffer from movable kidney, in the 
vast majority of cases the condition does not manifest itself until after 
puberty. Many patients are in the third decade of life, but the greatest 
incidence (40 to 50 per cent) is between the ages of 30 and 40 years. 
Thereafter, the number of cases declines, although nephroptosis is not 
uncommon in the elderly and even the very aged. 

Etiology. Nephroptosis results from a combination of congenital and 
acquired factors. 

Of congenital factors predisposing to movabilitv of the kidney, certain 



1620 


CUBICAL VROLOG Y 


peculiarities of bodily form apparently play an important part. In 
subjects with movable kidney the renal fossae are not only smaller than 
normal but are widely dilated at their lower ends. The constant finding 
of these shallow, cylindrical or funnel-shaped fossae in subjects with 
nephroptosis led Wolkow and Delitzin to conclude that the condition 
results from an anatomical deficiency of the renal fossae. The tall, slim 
Iberian type with narrow hips is likely* to have a small renal fossa, from 
which the kidney is prone to descend. 

A relaxed perirenal fascia is another factor which predisposes to mov- 
ability. It will be recalled that the kidney is confined in its fossa by 
means of fascial coverings (Anatomy of the Kidney, p. 1352). The peri- 
renal fascia, which above is attached to the diaphragm, splits into an 
anterior and a posterior leaf at the lateral border of the kidney, at about 
the level of the adrenal gland. These two layers form a sheath for the 
kidney but do not completely surround it. The anterior leaf passes 
medialward in front of the kidney and behind the peritoneum to join 
with the corresponding leaf of the opposite side in front of the great 
abdominal vessels. The posterior leaf extends medialward behind the 
kidney to find an attachment on the side of the spinal column. Below, 
the perirenal fascia blends with the subperitoneal fascia. Numerous 
trabeculae, which traverse the adipose capsule, connect this sheath with 
the fibrous capsule of the kidney and help to hold the kidney in position. 

In quadrupeds, the anterior sheath of the perirenal fascia, which here 
is thick and strong, alone supports the animal’s kidneys and restrains 
them from dropping down and pressing upon the abdominal viscera. 
The erect position in man, however, calls for less strain, and here the 
sheaths are thin and frequently defective. A defect in either the anterior 
or posterior leaf of the perirenal fascia is of itself sufficient to explain the 
etiology of a ptosed kidney. In many thin females the fatty capsule is 
lacking, so that the weight of the kidney is placed upon the trabeculae, 
causing them to become stretched. This, with relaxation of the peri- 
renal fascia, allows the kidney' to move from its fossa. 

Attachment of the perirenal fascia lower down than normal in the 
postperitoneal layer is frequently noted in subjects with nephroptosis, 
and may be a predisposing factor in some cases. 

The more frequent involvement of the right kidney' is attributed by 
Mathe, in part at least, to the fact that the right renal fossa is more shallow 
than the left and has a wider lower end, with a relatively lower attach- 
ment to the hepatic flexure. The explanation of Sir Arthur Keith is that 
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the right fossa is roofed in by solid liver, communicating directly to the 
kidney the downward pressure of the diaphragm. Any factor which 
tends to reduce the size of the sub-diaphragmatic space will compress 
the liver and force the right kidney downward. The spleen on the left 
is much smaller than the liver, and the stomach and colon are hollow. 
Hence the right kidney is far more often subjected to such pressure than 
is the left. 

An important secondary factor in tbc causation of nephroptosis is loss 
of muscular tone of the abdominal wall. The kidney is held in position 
not only by means of its fascial coverings and the perirenal fat, but also 
by intra-abdominal pressure. The tension within the abdomen is main- 
tained by the tone of the muscle of its wall; hence anything which leads 
to loss of this muscular tone may result in visceroptosis and nephroptosis. 
Women whose abdominal-wall muscles have become flabby and lacking 
in tone, as sometimes happens after repeated pregnancies, are liable to 
develop nephroptosis. So also are sluggish, non-athletic women of poor 
posture, as well as slender, poorly nourished women who have never 
borne children but are lacking in perirenal fat. 

Other secondary causes of nephroptosis are various types of trauma. 
It is often stated that sudden, violent muscular exertion, such as heavy 
lifting or straining, may cause nephroptosis, but it is our impression that 
this is rarely so. On the other hand, there is definite reason to believe 
that long-continued jolting or other forms of vibration, such as one ex- 
periences on long train trips or automobile rides over rough roads, may 
have an influence on descent of the kidney in one predisposed to the 
condition. 

Occupation may be a contributory factor in the production of nephrop- 
tosis in one who has a congenital defect in the renal sheath with weakness 
in the renal supports. Women, especially, who are subjected to long 
hours of standing or continual bending, may have a predisposition to 
ptosis greatly exaggerated. 

To summarize: It seems to be the consensus of opinion that certain 
peculiarities of bodily form — namely the shallow, funnel-shaped or cylin- 
drical fossae of Wolkow and Delitzin — together with loss of security of 
the kidney due to the upright posture, and laxness of the perirenal fascia, 
predispose to nephroptosis, and that various factors often cited, such 
as pregnancy, tight lacing, loss of perirenal fat, or trauma, operate only 
as secondary factors in those predisposed to abnormal renal mobility. 
The fact that women are much more subject to this condition than men 
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is probably because the renal fossa in women is wider and shallower in 
its lower part than is the case with men. 

Pathology. An. interesting feature of nephroptosis is the lack of evi- 
dence of degenerative changes in the renal substance. The vascular 
pedicle may become markedly elongated, the ureter distorted, and there 
may be thickening of the renal pelvis and capsule, with adhesions to the 
perirenal fat, but the kidneys themselves usually show no pathological 
change unless chronic infection has been present. As a rule, the function 
is normal or only slightly impaired. Back pressure, due to kinking or 
stricturing of the ureter, results in hydronephrosis; this, however, is 
usually of moderate degree. 

Symptoms and Signs. Not all ptosed kidneys produce symptoms. 
Mobility is of first, second, and third degree, and each may be with or 
without symptoms. The factor governing the production of symptoms 
is not the degree of ptosis, but the effect of mobility upon the vascular 
pedicle, ureter, and peritoneal and other attachments. The floating 
kidney, which often has a long pedicle and a loose, tortuous ureter, fre- 
quently causes no symptoms, while a moderately ptotic kidney may show 
pronounced symptoms. 

The ureter of a ptosed kidney is redundant, and must therefore pursue 
an abnormal course. Even a moderately ptosed kidnej- may drop suffi- 
ciently to kink the ureter over a blood vessel, fibrous band, or its attach- 
ment to the perirenal fascia, or so move that a temporary constriction 
or occlusion of the ureter occurs. It will be recalled that the upper part 
of the duct lies within the perirenal capsule, but that lower down it passes 
over the perirenal fascia, being held in place by the overlying peritoneum, 
so that at this point its position is firmly established. Should the kidney 
sag below the ureter’s point of attachment to the perirenal fascia, kinking 
is practically certain to occur; but, if the kidney is freely movable, 
resumption of the recumbent position will tend to straighten out the 
kink, so that obstruction is not likely to occur. However, such a kink 
can easily become permanent if the kidney fails to return to its normal 
position. Thus, women predisposed to nephroptosis, whose occupations 
require standing for long periods, arc much more likely to suffer from 
the results of ureteral blocking than those who are able to change their 
positions more frequently. It has been repeatedly demonstrated that 
kinks of the ureter may be present without producing symptoms, and 
that it is on!}- when the kink becomes fixed by adhesions or other acci- 
dental causes that there will be stasis and back pressure sufficiently 
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constant to produce hydronephrosis. The lumen of the ureter may 
also be occluded by the rotation of the kidney about its vertical axis, a 
common observation in movable kidney. 

Though ptotic kidneys are by no means always infected, such kidneys 
are undoubtedly more subject to infection than normally situated organs. 
Sagging kidneys were put forward some years ago bj r Crabtree and 
Sheddon as being an important factor in the persistence of colon bacillus 
pyelitis. Kinking or stricturing of the ureter, by interfering with free 
urinary drainage and causing stasis, is probably the most potent factor 
in the persistence of infection. Statistics show that a large percentage 
of subjects of nephroptosis (from 33 to 70 per cent in various series) have 
infected urine. This is probably due to the fact that an accidental in- 
fection has failed to clear up because drainage by way of the ureter was 
impeded. Some of the extraurinarv symptoms which often accompany 
nephroptosis, particularly the neurotic phenomena, may be due to toxic 
absorption secondary to failure in renal drainage. Infection may be 
present without obstruction and stasis, in which event its relation to 
movability is always in doubt. 

The symptoms of nephroptosis may vary greatly, depending upon 
whether or not there is obstruction and infection, and upon the effect of 
ptosis on adjacent organs. The common clinical picture presenting a 
complex train of symptoms referable to the urinary, gastrointestinal, 
biliary, and nervous systems should always suggest the possibility of 
nephroptosis, and these cases are usually readily diagnosed. So, also, 
are the cases with symptoms referable to the urinary tract. In these 
two groups there is usually definite kinking or stricturing of the ureter, 
with more or Jess hydronephrosis or infection, or both. Much more 
difficult to diagnose correctly is the type of case presenting symptoms 
elsewhere than in the urinary tract. It is well known that gastroin- 
testinal and nervous manifestations are frequent accompaniments of 
nephroptosis, and may be the only symptoms. When these occur with 
localized pain and symptoms of urinary-tract obstruction or infection, 
they fit into the clinical picture of nephroptosis; but when they occur 
without symptoms referable to the urinary tract, they may be extremely 
difficult to interpret. 

Pain. Pain is the most prominent complaint, and may be acute or 
chronic. It may be merely a feeling of weight or a dragging sensation, 
or it may occur in the form of a more or less constant dull ache, or in 
severe, acute attacks (Dietl's crises). The dull ache is usually localized 
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in the loin or, if the kidney is very low, in the lower abdomen. As a rule, 
it does not radiate. It is relieved by lying down, and is aggravated by 
exercise, long periods of standing, constipation, and menstruation. Dull 
pain is present when there is partial obstruction of the ureter and back 
pressure. 

The DietFs crisis is the result of kinking of the ureter or torsion of the 
renal pedicle. It occurs suddenly, with violent abdominal pain, which is 
often accompanied by nausea, vomiting, and chills, and sometimes by 
fever and collapse. As the acute attack subsides, there follows a period 
of dull ache or soreness in the affected side, which may subside entirely 
or continue between the acute attacks. If the acute attack is due to 
kinking of the ureter, relief of this will usually be followed by a transient 
polyuria and disappearance of the acute symptoms; but if the crisis is 
caused by torsion of the pedicle, inducing an intense venous congestion 
in the kidney, with increased intracapsular tension, the attack will not 
subside so quickly. Temporary hematuria may follow such a seizure. 
Acute attacks are often dated by the patient to a definite incident, such 
as a strain, blow, or prolonged coughing attack. Frequently, however, 
they occur without any apparent inciting cause. The Dietl’s crisis due 
to movable kidney must be differentiated from similar acute attacks 
caused by the passage of a ureteral stone or a blood clot 

Reflex pains to the epigastrium are common, and occasionally there 
may be referred pain in the rectum, perineum, vagina, or testis. 

Gastrointestinal , Nervous, and General Symptoms. The most common 
extra urinary man ifestations are disturbances of the digestive system, such 
as nausea, vomiting, flatulence, constipation or diarrhea, and, occasion- 
ally, jaundice. The position of the cecum and transverse colon usually 
changes with the excursion of the kidneys, which, in turn, may produce 
either constipation or diarrhea, though stasis and obstruction to the 
normal emptying of the bowel are more common than excessive motility. 
Kinking of the cystic duct, due to displacement of the gall-bladder or 
duodenum by the downward pull of the peritoneal attachments, may 
cause jaundice. Associated visceroptosis is /airly common, and when 
this is present the nephroptosis is usually bilateral. In women, ptosed 
kidneys may cause such pressure on the pelvic organs as to produce 
symptoms referable to them. Many patients give a history of a previous 
appendectomy or operations upon the female adnexa or gall-bladder. 

Fatigue is a very common symptom. Patients tire easily, and can 
often perform their ordinary* tasks only with great effort. 
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Nervous symptoms, such as insomnia, dizziness, hyperesthesia, emo- 
tional disturbances, and even hysterical states, are also common. In 
most cases they are probably the natural result of a long period of chronic 
pain and discomfort, and correction of the renal abnormality will usually 
result in disappearance of the nervous and neurasthenic manifestations. 
The general and hormonal symptoms have been ascribed by Fowler, 
Bell, Hess and others to stretching of the sympathetic fibers that accom- 
pany the renal pedicle and disturbances of circulation in the adrenal 
gland, which is usually dragged down with the kidney. As a result of 
circulatory deficiency, “the adrenal will be adversely affected, and these 
hormonal effects upon the sympathetic nervous system may help to cause 
the nausea, pain, and the neurotic symptoms which seem to predomi- 
nate.” (Hess) 

Urinary Symptoms. Urinary symptoms are seldom present unless 
there is a coexistent infection. The latter, however, is fairly common, 
and is usually due to the colon bacillus. Infected patients show symp- 
toms of frequency, urgency, scalding, and burning. Pyuria is frequent; 
and occasionally there is hematuria, as a result of kinking of the ureter 
and distention of the renal pelvis. A transient polyuria is sometimes 
noted after an acute attack. 

Diagnosis. Not only must abnormal mobility be established, but 
it must be determined whether the mobility is responsible for the symp- 
toms and disturbances. A careful history, physical examination, and 
urological investigation are necessary in order to (1) establish abnormal 
mobility, (2) determine the presence or absence of hydronephrosis and 
infection, (3) differentiate associated abnormalities, such as stricture, 
kink, aberrant vessels, fibrous bands, high insertion of the ureter, and 
periureteritis, (4) decide whether treatment should be palliative or 
surgical. 

The common clinical picture is pain, obstruction, infection, gastro- 
intestinal disturbances, and nervous symptoms extending over a con- 
siderable period of time. localizing symptoms may, however, be absent, 
and in these cases proper interpretation of the relation of mobility to the 
gastrointestinal and nervous symptoms may be very difficult. 

Palpation may or may not reveal mobility or tenderness of the affected 
kidney. Frequently, however, the kidney can be palpated, and in some 
cases moved about quite freely. The patient should be examined stand- 
ing and sitting. In the recumbent posture the kidney may return to its 
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normal position, and if palpation is done in this position alone, its errant 
tendencies may go unnoticed. 

Urological investigation should include examination of the urine, 
relative function tests, ureteral exploration with bulb and wax bulb, 
plain roentgenograms, pyelo-ureterograms in the prone and upright 
positions, and determination of the pelvic and ureteral emptying time. 
Accurate diagnosis can only be established by correlation of all the 
findings. 

Urinalysis is of little diagnostic value except in dealing with coexistent 
infection. Albumin is practically always present, probably because the 
excursions of the kidney impede its circulation, with resultant congestion 
of the organ. Blood and pus are common findings, particularly the 
latter. 

The function of the ptosed kidney is seldom modified to any consider- 
able extent, and in many cases shows no diminution. Approximately 
60 per cent of our cases, however, have shown some decrease on the 
ptosed side. 

Roentgenographic Examination. Although abnormal movabillty of 
the kidney can often be established by the usual preliminary examina- 
tion, pyelo-ureterograms are necessary to determine whether the mobility 
is the cause of the pain or other symptoms complained of by the patient, 
and to decide the treatment to be instituted. The degree of mobility 
and of hydronephrosis, and the presence of distortions of the pelvis and 
ureter, may be determined in most cases by retrograde pyelography with 
the patient in the recumbent and erect positions. Excretory’ urograms 
are less satisfactory, since the ureter is rarely filled. In making the 
exposure in the erect posture, the catheter must be withdrawn! below the 
point where the ureter receives the support of its peritoneal and fascial 
covering. This will permit the unsupported upper end of the ureter to 
assume the position forced upon it by descent of the kidney; whereas, 
if the catheter remains in the lumen, it will keep the meter straight, even 
when the kidney descends under the influence of gravity. The presence 
of infection of the renal pelvis may also be ascertained by pyelography. 

Injection of the renal pelvis will often cause a duplication of the pain 
which the patient has suffered — a valuable diagnostic point in some cases. 

Serial Pyeiocrams. Serial pyelograms are highly desirable in the 
study of nephroptosis, particularly when renal pelvic retention is sus- 
pected. Single urograms cannot be relied upon for the recognition of 
ureteral kinks and strictures, fixed pelves or ureters, aberrant vessels. 
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constricting bands at the ureteropelvic junction, or atony of the ureter. 
Multiple x-rays are necessary to distinguish between physiological and 
pathological distortions of the pelvis and ureter, and to determine 
whether there is interference with emptying of the pelvis and ureter. 

In the investigation of pain syndromes referable to the upper urinary 
tract, serial films are invaluable, and should be made in all cases where it 
is believed that delayed emptying may be the cause of the pain. In 
common with many urologists today, we believe that nephropexy is 
seldom indicated or beneficial in a ptosed kidney unless it can be demon- 
strated that there is obstruction to renal and ureteral drainage, and that 
the pain is apparently due to distention of the renal pelvis. It is our 
impression that renal mobility alone rarely produces pain, and that 
ureteral kinks in nephroptosis are of no particular clinical importance 
unless there is evidence of renal stasis or chronic infection of the renal 
pelvis. The transient nature of ureteral kinks occurring with nephrop- 
tosis has often been noted. As pointed out by Thompson and Bumpus 
in 1930, a common cause of kinks at the ureteropelvic junction is the 
order to “take a deep breath and hold it” while the film is being exposed; 
descent of the kidney with the diaphragm results in kinking of the ureter. 
In the interpretation of ureteral kinks, therefore, the factor of respiration 
must always be considered. 

The amount of mobility, as already noted, is no criterion of the empty- 
ing time of the pelvis. The renal pelvis may empty readily although 
there is marked mobility with resulting tortuosity of the ureter; on the 
other hand, its drainage may be impeded in some cases showing only 
slight mobility. Math&, who has carefully studied the movable kidney 
in its relation to hydronephrosis, believes that mobility alone does not 
cause hydronephrosis; but if, during descent of the kidney, the redundant 
upper portion of its ureter presses on or kinks over an aberrant renal 
vessel, fibrous band, or the ureter's upper attachment to the perirenal 
fascia or to the posterior peritoneum, obstruction will occur, resulting 
in hydronephrosis. 

At the Brady Urological Foundation, of the New York Hospital, we 
have used serial pyelograms for a number of years as an aid in deciding 
the type of treatment to be instituted, and frequently we have found that 
kinks of the ureter and apparent stasis of the pelvis and ureter produce 
no interference with urinary drainage. 

The serial pyelographic tray devised by Thomas D. Moore in 1931 
provides a simple, inexpensive, and practical method of studying the 
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emptying time of the renal pelvis and ureter. This is a modification of 
the Bucky diaphragm tray. Six exposures of a kidney and ureter can 
be taken on two 14 by 17 inch films, thereby demonstrating the emptying 
time of the upper urinary tract and, in addition, furnishing a series of 
films which enables one to distinguish functional from pathological 
changes. Exposures may be taken in the supine or erect positions. 

The taking of serial pyelograms is described elsewhere in these pages, 
and need not be repeated here (see Serial Pyelography, p. 133). 

Treatment. Not all patients with nephroptosis require surgery. 
Many show no symptoms whatsoever, and should therefore be left alone. 
Others, especially those with kinks, respond to dilatations of the ureter. 
Some respond to kidney belts, with a suitable hygienic regimen. 

Conservative Treatment. Conservative measures should first be tried 
in all but the most pronounced examples of renal mobility. It is our 
practice to treat patients conservatively for several months before advis- 
ing surgery. Such treatment consists of an abdominal support, exer- 
cises to improve the bodily posture and strengthen the relaxed muscles, 
and a dietary and health regime calculated to add weight to the patient 
in the hope that the perirenal fat will be increased sufficiently to maintain 
the kidney in its proper location. Rest in bed for from 4 to 6 weeks, 
with the foot of the bed elevated, together with forced feeding and other 
measures directed toward improving the systemic condition, is some- 
times productive of excellent results, especially in cases with general 
visceroptosis. Thereafter, a carefully fitted belt should be used. 

Opinions differ regarding the efficacy of kidney belts in relieving the 
symptoms due to a ptosed kidney. It has been our experience that a 
well fitted and properly applied belt will frequently relieve all symptoms, 
if used in conjunction with a suitable prophylactic routine, provided 
there are no coexistent disabilities of the urinary tract. However, 
permanent relief from the use of the belt cannot be expected when there 
are associated abnormalities of the ureter or pelvis resulting in inter- 
ference with drainage and stasis. In such cases surgical fixation is 
frequently required. Many women prefer a combined girdle and belt. 
The belt should be tightened from below upward, and should be adjusted 
with the patient lying down, with the hips elevated. 

If infection is present, with obvious stasis, operation is indicated; but 
in the absence of stasis, the infection should be combated by the usual 
measures in the way of diet, drugs, and chemotherapy. Moderately 
infected cases, with slight delay in pelvic and ureteral emptying, some- 
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times become free from infection after a few dilatations of the ureter 
and irrigations of the renal pelvis. 

Surgical Treatment. Operation should be done on carefully selected 
cases only. We believe that, as a rule, inadequate drainage must be 
proved before surgery is indicated. Many physicians and surgeons have 
been prejudiced against nephropexy by unwise selection of cases. Fixa- 
tion of the kidney is rarely indicated or beneficial unless there is inter- 
ference with pelvic and ureteral drainage, with stasis or infection or both; 
on the other hand, in carefully selected cases, a properly performed 
nephropexy, together with decapsulation, ureterolysis, ureteropyelo- 
plasty, ligation of aberrant vessels, or sympathectomy, as indicated, is 
curative in a high percentage of cases. Movability alone is seldom 
responsible for the production of symptoms, and frequently fixation of 
the kidney is but part of the surgical treatment. 

When conservative measures have failed to relieve the symptoms, or 
when there is evidence of progressive obstruction and infection under 
their use, or when, as frequently happens, the patient cannot endure the 
pressure of a kidney belt, nephropexy should be considered (Operative 
Treatment of Nephroptosis, p. 1699). 

Occasionally a case of nephralgia, without evidence of obstruction, 
will be encountered; for these we recommend denervation and decapsu- 
lation. 

Nephroptosis associated with visceroptosis is practically always bi- 
lateral. Symptoms in these cases are due to the general visceroptosis, 
and nephropexy will not benefit the condition. In fact, elevation and 
fixation of both kidneys is likely to add to rather than relieve the patient’s 
discomfort because the liver takes part in such sagging and would press 
down upon the elevated right kidney. A properly fitted belt will usually 
relieve the patient of many of the subjective symptoms. These patients, 
as previously stated, are often greatly benefited by rest in bed for several 
weeks, with a diet and health regime calculated to increase the weight 
and improve the general systemic condition. 

Renal Diseases in Children 

Both congenital and acquired abnormalities of the kidneys are com- 
monly manifest in infancy and childhood. 

Congenital Anomalies of the Kidney. Congenital anomalies and 
malpositions of the kidney have been considered on page 1361, and ureteral 
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anomalies on page 1213. They are frequent and extremely important 
factors in the renal diseases of childhood. 

Hydronephrosis. Hydronephrotic kidneys are a not uncommon 
finding in the newborn and in young children. The juvenile phase of the 
subject has been adequately considered in connection with hydrone- 
phrosis in adults. 

Non-specific Renal Infections. Staphylococcic injections oj the renal 
cortex (staphylococcic suppurative nephritis, cortical abscess, carbuncle) 
occasionally are encountered in children. As with adults, in such cases 
there is usually a history of preceding superficial pyogenic infection or 
infection of the upper respirator}* tract. These infections of the kidney, 
in children, are treated the same as when they occur in adults. 

Acute simple Pyelonephritis, or pyelitis, as it is generally termed, is 
common in children. This is usually due to invasion by the colon 
bacillus. When properly treated by the accepted methods, recover}* 
should take place in from 3 to 6 weeks. When this does not occur, or 
when there are relapses of such an infection, or the microscopic picture 
or culture reveals evidence of pus or bacteriuria, search for an accessor}' 
factor should be made. Chronic injections are usually of the obstructive 
type, the obstruction being some form of congenital anomaly as a rule. 
Congenital malformations of the urinary* organs are frequent, and in a 
large proportion of cases they are the principal factor influencing the 
severity and duration of pyelonephritis in childhood. Bacteriuria, 
pyuria, and other types of urinary disturbances are often but the clinical 
manifestations of structural defects in the urinary tract. These are 
readily delineated in a urogram, and intravenous or retrograde pyelog- 
raphy should be done in every case of persistent or recurrent pyelone- 
phritis in children. Either of these procedures can be done with safety 
in even very' young children. 

Except for their greater incidence in female children, the common 
renal infections of infancy and childhood present no special peculiarities* 
and are therefore taken up with those of adults. 

In children, acute renal infections not infrequently complicate such 
infections as otitis media, tonsillitis, and sinusitis; or they may occur in 
the course of an infectious fever. 

. Perinephritic Abscess. Perinephritic abscess is sometimes encoun- 
tered in children and even in infants, but perinephritic and cortical renal . 
suppurations are much more frequent sequelae of staphylococcic infection 
in adults than in children, in whom osteomyelitis is the common sequel. 
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Specific Infections. Aside from tuberculosis, specific infections of the 
kidneys in children are decidedly rare. A few cases of hydatid cyst have 
been reported. Probably children are no more immune to this infection 
than adults, but the growth of a hydatid cyst is exceedingly slow, and 
as a rule it takes years for the cyst to attain a sufficient size to cause 
symptoms. 

Actinomycosis of the kidney in children has also been reported, usually 
in association with actinomycosis elsewhere in the body. 

Renal Tuberculosis. The recognition of renal tuberculosis as a fairly 
common disease of childhood and adolescence is a recent advance in the 
management of tuberculous infections. Due to the perfecting of small- 
caliber child cystoscopes, it is now possible to make a systematic routine 
urological study of suspected cases in even very young subjects. This, 
together with the greater interest in urology in children, has resulted in 
the clinical diagnosis of many cases which, formerly, would have gone 
undiscovered, or been revealed only at autopsy, or by pathological study 
of a supposedly pyonephrotic kidney after nephrectomy. Despite this 
improvement in diagnostic methods, however, renal tuberculosis in the 
child and in the adolescent is often overlooked. 

Incidence. Campbell, in a study of 312 infants and children with 
chronic pyuria, found 5 (1.5 per cent) with renal tuberculosis. In 2,420 
autopsies in his pediatric service at Bellevue Hospital (New York), 4 cases 
of “surgical” renal tuberculosis were found. Mathe, reviewing 4,698 
cases of unilateral surgical renal tuberculosis, found 71 cases (1.5 per 
cent) in infants and children aged 1 to 10 years, and 494 cases (10.5 per 
cent) in adolescents aged 10 to 20 years. Webster, of the Children’s 
Hospital in Melbourne, while providing no exact figures, gives as his 
opinion that “clinically appreciable tuberculosis of the kidney is un- 
common in childhood, but tuberculous infection, inducing minor and 
symptomless lesions, occurs more frequently than has been realized in 
the past.” Addison, of London, states that miliary tuberculosis of the 
kidney is a frequent finding in children dying of meningitis or of general- 
ized tuberculosis. 

Etiology. Tuberculosis of the kidney in children is always secondary' 
to a focus elsewhere in the body. The initial lesion is most commonly 
in the lungs, but primary foci in the bones and joints, lymph nodes, and 
intestinal tract are also frequent. In adolescent male patients, the 
primary lesion is occasionally in the prostate gland or (rarely) in the 
seminal vesicles. 
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Infection usually invades the kidneys by way of the blood stream, but 
occasionally might be lymphogenous in origin. 

Pathology. Prior to 5 years of age, renal tuberculosis is most often of 
the bilateral medical type, and is frequently part of a generalized miliary 
tuberculosis. Tubercles are usually scattered throughout the renal 
substance, and caseation and cavity-formation do not occur. The mor- 
tality in this age group is very high, the patient usually dying from dis- 
semination of the disease throughout the body. 

Above 5 years, the unilateral surgical type is more likely to be 
recognized. 

Symptoms and Diagnosis. The symptoms of renal tuberculosis are at 
no time pathognomonic, and this is particularly true in childhood. In 
the bilateral, miliary type of tuberculosis usually seen in young children, 
the signs and symptoms are those of nephritis. The urine is clear, and 
contains tubercle bacilli, albumin of hematogenous origin, hyaline and 
granular casts, but little, if any, pus. 

In the unilateral, surgical type of tuberculosis, the symptoms depend 
largely upon the extent of vesical involvement. In every case of chronic 
cystitis, relapsing pyelonephritis, and persistent pyuria in children, renal 
tuberculosis should be suspected and searched for. What has been said 
regarding the pathology, symptoms, and diagnosis of chronic renal 
tuberculosis in adults applies, for the most part, to children and adoles- 
cents as well, so that repetition here is unnecessary (Renal Tuberculosis, 
p. 1487). The use of cystoscopy, x-ray, and other diagnostic measures 
differs in no way from their employment in adults with the exception 
that special, small-caliber instruments are necessary for young children. 

Prognosis. In infants and young children, in whom renal tuberculosis 
is commonly part of a generalized miliary' tuberculosis, the mortality is 
very high. In unilateral tuberculosis of the kidney in children, early 
nephrectomy results in arrest and cure in a considerable percentage of 
cases. However, most authors believe that one should be even more 
guarded in the prognosis of renal tuberculosis in children than in adults, 
since in the former there is greater likelihood of recurrence and general 
dissemination of the disease following nephrectomy. This increases in 
proportion to the youth of the patient. 

Treatment. The treatment of chronic renal tuberculosis in children 
and adolescents is essentially the same as in adults. The treatment of 
unilateral lesions is early nephrectomy with adequate after-care. Bi- 
lateral lesions are more frequent in children than in adults. As a rule, 
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these cases aie treated medically; but if one kidney is pyonephrotic and 
functionless and the function of the other is adequate to sustain life, 
removal of the badly diseased kidney is indicated. Because of the 
greater tendency to recurrence and rapid dissemination in young chil- 
dren, a very careful preoperative examination for extraurinary active 
tuberculosis, as well as examination of the opposite kidney, must be made 
before advising nephrectomy. 

The postoperative care is most important. It should be remembered 
that in children the pulmonary focus is apt to be more in evidence than 
is the case in the adult. Heliotherapy, and proper hygienic, dietary, 
and medical treatment are essential, and arc described under Treatment 
of Postoperative and Inoperable Urogenital Tuberculosis (p. 1196). 

Renal Cysts: Polycystic Disease. Cystic conditions of the kidney in 
children arc decidedly uncommon. Numerous instances of still-births 
are on record where delivery was impeded because of enormous cysts of 
the kidneys; but records of renal cysts occurring in regular pediatric 
practice are rare. In a study of 4,903 autopsies upon infants carried out 
at the Babies’ Hospital, New York, 19 cases of cystic kidney were dis- 
covered; 15 of these were classed as small cysts, 2 as large cysts, and 3 as 
cysts and hydronephrosis. Eleven cases corresponded to the typical 
polycystic kidney, but the remaining 8 were apparently unilateral or 
otherwise different from the accepted form of congenital polycystic 
disease. 

Polycystic kidneys are occasionally observed in infancy, but such 
infants usually die within a few months of birth. When the disease is 
compatible with life, signs and symptoms leading to its discovery are not 
manifest, as a rule, until early middle life. However, children harboring 
congenitally cystic kidneys are often thin, pale, and definitely below par. 
They are usually considered cases of nephritis, as indeed they are, and the 
polycystic condition is rarely discovered until adult life. In our personal 
experience there has been only 1 case— that of a 9-year-old boy — in which 
the diagnosis was made in childhood; here hematuria was the symptom 
which led to a complete urological investigation. 

Other types of renal cysts (solitary, multiple, and multilocular) are 
very rare, and most of the reported cases have been postmortem or 
operative findings. Single or multiple cysts of varying sizes are occa- 
sionally seen in association with nephritis, hydronephrosis, or tuber- 
culosis. What has been said regarding cystic conditions of the adult 
kidney applies also to the condition in childhood. 
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Movable Kidney. Nephroptosis in children is almost unheard of, 
and presents no clinical problem. 

Renal Calculus. The incidence of renal calculus in infants and chil- 
dren is low, the condition being about half as common as renal tuber- 
culosis. Boys are affected more often than girls. Asa rule, the calculous 
disease is confined to the kidney, but in a small percentage of cases 
affects the ureter and bladder as well. Steady improvement in dietary 
conditions among infants and children has markedly decreased the 
incidence of urinary stone in the first decade of life in the United States 

Pathology. In early cases, pathological changes arc slight. Late 
cases, complicated by obstruction and infection, will show hydrone- 
phrosis, pyelonephritis, and pj'onephrosis. 

Calcium oxalate stones predominate in the kidneys of children, with 
the calcium phosphate variety next in number. 

Symptoms and Diagnosis. Abdominal pain, localized in the flank on 
the affected side, and varying from a dull ache to severe colicky pain, 
is the predominant symptom, being present in almost every case. Uri- 
nary symptoms are not outstanding except in cases of long duration 
and associated with infection or complicated by ureteral or vesical calculi. 
Fever is also infrequent except in cases with obstruction and infection. 

Tenderness in the flank on the affected side is commonly present. 
The kidney may be enlarged and tender. 

In early cases, hematuria and pyuria are usually absent; in cases of 
long standing, particularly those presenting ureteral and bladder calculi 
as well, the urine will show varying amounts of pus and blood. Cultures 
are usually negative in early cases; but in cases of long standing the 
Bacillus prolnis is found relatively often. 

The diagnosis of renal calculus in children is quite simple. Even in 
very young children, it should follow the usual routine urological exami- 
nation, namely: (1) history, (2) physical examination, (3) examination 
of the urine, (4) retrograde pyelography, with its attendant estimations 
of bilateral renal function and infection. 

A history of colicky pain in the flank, with or without disturbances of 
urination, should suggest a plain x-ray of the urinary tract plus evsto- 
scopic and pyelographic studies. 

A plain x-ray plate will usually disclose the presence of renal calculus. 

Non-shadow-casting calculi, such as cystine and uric acid stones, will 
generally be identified by filling defects in the pyelogram ; these are un- 
common in children. In long-standing cases, pyelographic evidence of 
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obstructive and infective changes in the renal pelvis and calyces will be 
observed. Depending on the site of the obstruction, the pyelogram will 
show dilatation of the renal pelvis, widening of the infundibular areas, 
and enlargement and blunting of the calyces. 

Treatment. The treatment of renal calculus is surgical. At any age 
surgical intervention should be immediate if obstruction and infection 
are present. Operation in young children may be postponed until their 
fourth year if the calculi are small and obstruction and infection are 
absent. 

Recurrence: Postoperative Care. Recurrences following re- 
moval of renal stones are fairly common in children, as in adults. In 
recurrent cases, the Bacillus Proteus is not infrequently present. 

Patients should be under observation for at least 3 years following 
operation. The postoperative treatment, to prevent recurrence, is essen- 
tially the same as that prescribed for adults. 

A plain x-ray of the urinary’ tract should be taken at the time of the 
patient’s discharge from the hospital and again in 6 months. Following 
this, annual x-rays should be taken for as long as seems necessary. 

Renal Tumors. Renal tumors, in children, with the exception of the 
so-called Wilms’ tumor, are exceedingly rare. The Wilms’ tumor, while 
not common, occurs sufficiently often to present an important clinical 
problem, and has been the subject of an extensive literature in recent 
years This lesion has been considered in some detail under Tumors of 
the Renal Parenchv’ma (p. 1553). 
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CHAPTER XXXVIII 

OPERATIVE AND NON-OPERATIVE TREATMENT OF THE 
KIDNEY 

A. Operative Treatment of the Kidney 
Importance of Preliminary Examination 

If the diagnosis has been made in accordance with modem methods, 
the general condition of the patient coming for renal surgery will have 
been thoroughly investigated, and a detailed report as to the exact state 
of his urinary tract will be at hand. 

Before undertaking any intervention upon a kidney, it is essential to 
know the precise status of the one that is not to be operated upon. It 
is not enough to know that the opposite kidney is present and function- 
ing; it must also be determined whether or not there exist any anomalies 
of the upper urinary tract, or other factors, which may upset the sur- 
geon’s calculations. Except in emergencies, such as renal injuries result- 
ing from accidents, this careful preliminary survey should never be 
omitted. Should it be necessary to remove a badly injured or diseased 
kidney without such previous examination, the surgeon will be obliged, 
after exposure of the supposedly sound kidney, to explore it with his 
hand in order to ascertain whether or not its functional ability is sufficient 
to sustain life in the event that nephrectomy is done. This is not so 
difficult if the procedure is intra-abdominal; but in extraperitonea! 
operations it is necessary to incise the peritoneum at the side of the kidney 
undergoing operation so that the surgeon may make an investigation 
through this opening. 

Anesthesia 

In no branch of surgery is the anesthetic of greater importance than 
in operations upon the kidneys. Our personal experience, which has 
embraced all the recognized methods of producing anesthesia, leads us 
to believe that for interventions upon the kidney some form of regional 
anesthesia is usually preferable to any type of general anesthesia. In our 
clinic, most renal operations are now done under spinal anesthesia. For 
ms 
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a number of years we employed paravertebral anesthesia almost exclu- 
sively for operations upon the kidney, and still consider this a useful 
method; but improved drugs and technic have so increased the safety 
and efficacy of spinal anesthesia that, in common with most urologists, 
we now regard this as the method of choice in renal surgery. 

We do not, however, advocate that regional anesthesia be employed 
routinely, for there are patients whose temperament makes it impossible 
to carry out even a minor procedure while they are conscious of what is 
going on. Unless the cooperation of the patient can be obtained, regional 
anesthesia is quite out of the question. Usually the attainment of this 
cooperation is not difficult. However, for children and highly nervous 
patients general inhalation anesthesia is advisable. 

Regional anesthesia is especially indicated in cases complicated by 
cardiac lesions, advanced arteriosclerosis, or any form of pulmonary 
disease — tuberculosis in particular. In bilateral renal disease, ether 
anesthesia is particularly to be avoided, as a crippled kidney may have 
to assume the work of both sides while its mate undergoes operation, 
and the added strain of ether anesthesia, with its well-known irritative 
effect upon renal tissue, may bring about a rapidly fatal termination. 

The various methods of producing anesthesia are described in detail 
under Anesthesia in Urology (Chapter VI). 

Preoperative Preparation 

General Preparation of Patient. The patient is prepared in the usual 
manner in regard to catharsis and enemas. A soapsuds enema is given 
the evening before the operation and again the following morning. 

Fluids should be taken freely up to the time of operation, and, if 
regional anesthesia is to be used, the patient is permitted a light break- 
fast. When general inhalation anesthesia is selected, breakfast and 
fluids are, of course, withheld. 

Preoperative Narcosis. At bedtime, the evening before the operation, 
the patient is given analgesic medication by mouth. We have found 
phenobarbital or nembutal, 0.1 Gm. very satisfactory for this purpose. 
The patient is again given phenobarbital or nembutal, 0.2 Gm. one hour 
before going to the operating room (Preliminary Medication, p, 191). 

Preparation of the Skin 

In our service, the skin is cleansed with green soap and warm water, 
and sterilized with alcohol and tincture of zephiran 1:1,000 or tincture of 
merthiolate. 1:1,000. The entire field of operation must be sterilized— 
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that is, from the breast-bone to the buttock, the side limits being the 
umbilicus in front and beyond the vertebral column behind. 

Position of Patient on Operating-Table 

For trans peritoneal incision, the position of the patient on the operating- 
table, and the surgeon’s place, are the same as for operation upon the 
median abdominal region. 

For the exlraperiloneal lumbar incision, the patient is placed on the 
table on the side opposite that to be operated upon, with the lower border 
of the ribs over the elevator. If there is no elevator on the table, a sand- 
bag or cushion is placed under the back directly below the position of 
the last rib. This forces the side to be operated upon upward, increasing 
the space between the iliac crest and the last rib. The patient’s upper 
arm is flexed in front of the face. The lower arm is drawn back, allowing 
it to lie flat. Care must be taken that the fingers are so placed as not to 
become caught in the mechanism of the table when the elevator is raised 
or lowered. The under leg is flexed at right angles, as close to the body 
as possible. The upper leg is extended. The elevator is then raised. 
A knee-strap is adjusted above the knee of the extended leg. Care must 
be taken to pad all places where the braces come in contact with the 
body. 

A wide strip of adhesive tape is useful for fixing the patient in position; 
this is fastened across the hips and attached to the edges of the table. 
Many types of mechanical apparatus have been suggested for holding the 
patient firmly in the desired position— a most important l actor in renal 
surgery — but we have found the proper application of adhesive straps 
the simplest and best method of all. 

The surgeon takes up his position at the patient’s back, with his 
assistant opposite. 

Incisions Employed in Renal Surgery 

There are two major routes of access to the kidney: (1) the lumbar 
incision, which leaves the peritoneum intact; (2) abdominal laparotomy, 
which is, of course, transperitoneal. The lumbar incision is the one 
most commonly used. In some cases it is necessary to approach the 
kidney from two directions, a procedure which may be said to constitute 
a third method. 

Anatomical Landmarks. Before making any incision, the operator 
should make sure of his position by locating all the essential anatomical 
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landmarks. The ribs should be counted from above downward, for 
many persons are without a twelfth rib, and many others have a thir- 
teenth rib. If it is merely assumed that the twelfth rib is present, inci- 
sion may invade the pleura, should the rib actually be absent; and if the 
patient possesses a thirteenth rib, an incision carried only to the twelfth 
rib would give too contracted an opening. The tips of the eleventh and 
twelfth ribs should be found and indicated, and the location of the crest 
of the ilium, the anterior-superior spine of the ilium, and the anterior 
edge of the erector spinous process definitely established. 

Extraperitoneal Lumbar Exposure. The ordinary route of access to 
the kidney is by the lumbar incision, cutting through the muscles filling 
the space below the twelfth rib, opening Gerota’s capsule, but leaving 
the peritoneum intact. The incisions used in operations under regional 
anesthesia must be larger than those ordinarily used when the patient is 
given general anesthesia. This is necessary in order to avoid heavy 
retraction, which is always painful. 

The customary incision extends parallel with the twelfth rib and about 
2 cm. below it, from the costovertebral angle downward and forward to 
a point about 3 cm. above the crest of the ilium. Should a larger open- 
ing be necessary, the incision can be extended forward toward the abdo- 
men, or it may be curved downward on a line with the iliac crest, termi- 
nating directly over the anterior-superior spine of the ilium. 

The initial incision is carried down through the skin, superficial fascia, 
deep fascia, the external oblique, internal oblique, and transversus ab- 
dominis muscles, and the transversalis fascia, the peritoneum being dis- 
sected away from the abdominal wall by blunt dissection. The twelfth 
nerve is isolated and retracted at the posterior angle of the wound, All 
bleeding points are clamped and ligated. The perirenal fascia (Gerota’s 
capsule) is then opened at the posterior angle of the wound, and the 
opening enlarged by blunt dissection, exposing the kidney. The kidney 
is dissected free from the surrounding adipose tissue by sharp and blunt 
dissection. If branches of the ilio-hypogastric and ilio-inguinal nerves 
appear during the dissection of the fatty tissue, the} 1 should be carefully 
avoided. 

The likelihood of encountering aberrant blood vessels must con- 
stantly be kept in mind. The poles of the kidney should be freed very 
cautiously and the organ gradually mobilized, the tissues being care- 
fully inspected before they are severed. The surgeon should also be 
alert to detect the pulsation of a possible anomalous artery. 
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Delivery of the Kidney. When the kidney has been freed from its fatty 
capsule, and all vessels likely to produce embarrassing hemorrhage have 
been properly ligated, the organ may be lifted up into the wound for 
inspection and whatever operative procedure it is proposed to apply to it. 
There must be absolute assurance that the entire surface of the kidney 
has been freed up to the pedicle, and, in lifting it, great care must be 
exercised not to bring too much traction to bear upon the pedicle, as 
damage to the important blood vessels contained in this structure may 
have immediately fatal results. 

Before attempting to mobilize the kidney, it is well to locate the ureter, 
which usually can be done by retracting the peritoneal covering and 
palpating it with the fingers. When pyelotomy is to be done, the ureter 
may be isolated and a tape passed beneath it to facilitate its manipulation. 

Accidents to he Guarded Against. Accidents to be guarded against, in 
making this incision, are wounding of the peritoneum and cutting into 
the pleura. Should the peritoneum be accidentally injured, it must be 
quickly repaired by sutures. The last rib, when normally placed, usually 
acts as an efficient shield for the pleura, so that accidental incision 
probably takes place only when this rib is misplaced or congenitally 
shortened. 

Abdominal Incision. It is because the surgeon must enter the peri- 
toneal cavity, if he makes his incision through the abdominal wall, that 
the lumbar operation is more generally done. The abdominal incision 
is usually made either through the median line or through the outer 
border of the rectus muscle on whichever side the affected kidney is 
located. On the left side, when the peritoneum has been opened the 
kidney can usually be easily made out to the inner side of the descending 
portion of the colon. On the right side, it will be more difficult to feel 
the kidney, as it is concealed behind the cecum and colon; but, unless 
adhesions are present, a hand passed beneath the liver at the outer side 
of the gall-bladder will usually encounter it. 

Ectopic kidneys must, of course, be approached by the transperi- 
toneal route. 


Nephrectomy 

Excision of the kidney is necessary when there is destruction of the 
organ by disease or trauma, when there is partial destruction by tumor, 
or when a virulent infection, such as carbuncle, is present. It is most 
commonly accomplished through a lumbar incision, though the nature 



Fig. 331. Extraperitonea! ’• — *• — *• — * / *' 

with the twelfth rib and ab< ■- 

the crest of the ilium (b) ... 

showing Petit’s triangle, (c • * 

temal and internal oblique m L ‘ 

toneal fat protrudes through the incision. (0 Exposing the costovertebral ligament, (g) 
Dividing the costovertebral ligament. 


Extraperi toneal Lumbar Nephrectomy. The incision for the removal 
o! a kidney usually extends parallel with the twelfth rib and about 2 cm. 
below it, from the costovertebral angle downward for a distance of about 
15 cm. to a point just above the crest of the ilium (Incisions Employed 
in Renal Surgery, p. 1657). 



After the kidney has been exposed, it must be freed from the tissues 
surrounding it, and the ease with which this is accomplished will depend 
upon the presence and number of adhesions, as well as upon the nature of 
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the pelvis and its ureter then being separated from the blood vessels and 
the ureter divided between two ligatures as far down as it can be reached. 
Both ends of the ureter are treated with carbolic acid, followed by alcohol. 



Fig. 334. Extraperitoneal lumbar nephrectomy, (a) Suturing the lumbodorsalis fascia; 
drain in place (b, c) Suturing the internal and external oblique muscles, (d) Suturing tbe 
skin. 


Handling of the Vascular Pedicle. Having isolated the kidney and 
excised the ureter, the dissection is carried as close to the vascular 



1664 ' CLINICAL UROLOGY 

pedicle as possible under the existing pathological conditions. A renal- 
pedicle clamp is then applied. A double ligature of No. 2 chromic catgut, 
about 18 inches long, is carried around the pedicle below the clamp. A 
single knot is tied, the clamp being loosened as the knot is drawn tight; 
it is then retightened and the square knot completed. The kidney is 
cut free above the pedicle clamp, leaving a rosette of tissue above the 
knot of a size sufficient to prevent its retraction through the knot. A 
second knot may be similarly applied if it is deemed advisable. A double 
No. 2 chromic catgut transfixion suture is then applied beneath the ped- 
icle clamp and tied as the clamp is removed. All small bleeding points 
are clamped and ligated. 

By loosening the clamp as the knot is drawn tight, the ribbon-like 
clamped pedicle becomes tubular; and when the kidney is excised, leaving 
a rosette of tissue, it will not retract. 

If the kidney pedicle has been subject to long-standing disease, such 
as tuberculosis, it is sometimes wise to tie it off with a piece of chromic 
ribbon gut, properly moistened, so that the ligature will not cut through 
the diseased vessels (Fig. 335). 

Closure . A Penrose drain is placed in the wound. The transversalis 
fascia and transversus abdominis muscle are repaired with a continuous 
suture of No. 2 chromic catgut, the internal and external oblique muscles 
with interrupted sutures of No. 2 chromic catgut, the deep fascia with a 
continuoussuture of No. 2 chromic catgut, and the superficial fascia and 
skin with interrupted black silk Stewart sutures. 

Subcapsular Nephrectomy. In some cases of extensively diseased kid- 
neys, or organs that have been much operated upon, the presence of 
many adhesions makes subcapsular nephrectomy necessary or desirable. 
This is easily accomplished without damage to the surrounding struc- 
tures, and, by cutting through certain portions of thickened capsule, it 
is usually possible to dissect enough of it away to isolate the vascular 
pedicle sufficiently to tie it off. 

Sometimes, however, the surgeon does not have the opportunity to 
isolate, clamp, and tie off the vascular pedicle properly. In such cases, 
it may be necessary to leave a clamp on the kidney pedicle. When this 
is done, it is our practice to tie a piece of catgut through the handles of 
the clamp, to impress upon everyone the importance of not removing 
the clamp. A helpful nurse once removed a clamp from the kidney 
pedicle 8 hours after nephrectomy, and the strange and wonderful thing 
is that nothing happened. Ordinarily, such a clamp is left on for a period 
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Nephrectomy for Tuberculosis. A tuberculous kidney is frequently 
surrounded by dense adhesions and structurally weakened by cavities 
and pus pockets, making its removal difficult. The incision which wc 
find most useful is a wide one, extending from the costovertebral angle 
outward and downward about 2 cm. below the lower edge of the twelfth 





He i JX6 Resection sf t» fifth J«k Xv pe/fsvjnxeg .vffhrertimy jl is- iw,ca»i«ia.tJy .neces- 
sary to resect the twelfth rib (a) Dividing the costovertebral ligament, (b) Incising the 
periosteum (c) Scraping or removing the periosteum from the bone (d) Resecting the 
rib 

rib and to a point just above the anterior-superior spine of the ilium. If 
the pedicle is friable, we prefer to tie it off with plain ribbon gut, which 
will not cut through the diseased vessels. 

Operative management of the tuberculous ureter is of the greatest 
importance. As infection of the ureteral stump often accounts for the 
persistence of urinarv tuberculosis after nephrectomy, the grossly infected 
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ureter should be removed in tolo down to the bladder whenever possible. 
In case the patient’s condition does not make this extensive procedure 
advisable at the time of the nephrectomy, it may be necessary to do a 



Fig 337. Transperitoneal nephrectomy for renal tumor, (a, b) Showing the skin in- 
cision. (c) Incising the muscles ami anterior peritoneum (d) Incising the posterior peri- 
toneum. 


secondary operation for its removal at a later date. Temporizing with 
a grossly infected ureteral stump is rarely of any avail. 

Another method of treating the tuberculous ureter has been utilized 
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peritoneal route and then remove the kidney through the loin. Removal 
of the diseased organ entirely by the transperitoneal route is not difficult, 
but should be reserved for cases in which there is no chance of infecting 
the peritoneum. 

All operations upon ectopic kidneys must necessarily be performed 
through the peritoneum (Operative Treatment of Ectopic Kidney, 
p. 1694). We have removed a very large pyohydronephrotic ectopic 
kidney by the transperitoneal route without mishap. The actual re- 
moval of such an organ is beset with some technical difficulties, which 
are not insurmountable when one takes note of the fact that all ectopic 
kidneys have abnormal blood vessels coming from the nearest great 
vessels, and these must be ligated as they are encountered. 

Postoperative Care Following Nephrectomy. Following nephrectomy, 
the patient should be observed closely for signs and symptoms of shock, 
hemorrhage, and abdominal distention. For the first 24 hours, fluids 
taken by mouth are supplemented by normal saline solution and 5 per 
cent glucose intravenously, or saline solution by hypodermoclysis, or tap 
water in 250 cc. doses by rectum. Thereafter, hot clear fluids are given, 
followed by soft and regular diet as tolerated. 

The patient should be turned frequently, usually toward the side 
operated upon, in order to promote better drainage and counteract any 
tendency to hemorrhage. Turning also helps to prevent abdominal dis- 
tention. The back should be supported by a large pillow. 

The drains are usually removed on the third or fourth postoperative 
day, and the patient is kept in bed for from 14 to 2 1 days. 

When clamps are lejl in the incision following nephrectomy, great care 
must be taken to see that no pressure is placed on them. Under no cir- 
cumstances must the clamps be touched by anyone but the doctor. If 
the clamps are in a right-sided incision, the patient lies on his left side, 
and vice versa. A pillow is placed against the patient’s back, in such a 
way as not to put pressure on the wound; and a cradle is placed over the 
patient to keep the bedclothes away from the clamps. 

Nephro- Ureterectomy 

Under ordinary circumstances, at the time of nephrectomy the' ureter 
is ligated, the cut end treated with carbolic acid and alcohol, and the 
lower portion dropped back into the loin. In cases of papillary car- 
cinoma of the kidney pelvis, and in certain cases of tuberculosis, in which 
the ureter is greatly involved, it is advisable to do a complete ureterec- 
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tomy. In the former, a cuff of bladder tissue around the ureteral orifice 
should also be removed (Ureterectomy, Figs. 293 to 296). 

Nephro-ureterectomy may be accomplished by extending the ordinary 
lumbar incision downward in the nipple line, or, if deemed advisable, by 
making a second incision, such as the Gibson "golf-stick” incision in the 
lower quadrant on the involved side, or the lower midline incision. The 
kidney and upper portion of the ureter are mobilized through the reg- 
ular lumbar incision, the kidney with the ureter attached being left 
hanging from the wound. The patient is then placed in such a posi- 
tion that the anterior incision may be made. Through this incision 
the lower portion of the ureter is freed, ligated, and cut at its point 
of entrance into the bladder wall. The kidney can then be drawn back 
and the ureter removed through the posterior incision. 

Heminephrectomy 

Heminephrectomy is an old operation which has gained renewed 
interest within recent years. It was originally performed on diseased 
halves of horseshoe kidneys. Czerny, in 1887, resected the lower pole of 
an anatomically normal kidney, and during the next decade and a half 
this operation was quite frequently done for various conditions, including 
stone, hydronephrosis, cyst, tuberculosis, and tumor. The results, how- 
ever, were generally bad, owing to faulty knowledge of renal anatomy 
and pathology, and the operation fell into disfavor. 

It is now realized that in properly selected cases heminephrectomy is a 
very useful operation, and is neither unusually difficult nor particularly 
hazardous. 

Indications. Heminephrectomy is indicated in cases of horseshoe kid- 
ney or unilateral fused kidney when tumor, cyst, tuberculosis, or pyelo- 
nephritis, pyonephrosis, or hydronephrosis, with or without calculous 
disease, is limited to one-half of the anomalous organ (Operative Treat- 
ment of Fused Kidney, p. 1689). 

In cases of double kidney, where one segment is destroyed by calculous 
disease, hydronephrosis, or non-tuberculous infection, and the other 
segment is free of disease, heminephrectomy should be done, thus saving 
the functioning half of the anomalous kidney (Operative Treatment of 
Double Kidney, p. 1693). It is our belief that when tuberculous infection 
is present in either segment of a double kidney, nephrectomy is advisable, 
if the kidney on the opposite side is functionally adequate. There are 
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other authors, however, who feel that when a tuberculous infection is 
limited to one segment of a double kidney with complete duplication of 
the ureter, resection of the diseased portion only should be done 

In anatomically normal kidneys, heminephrectomy, or partial resection 
of the kidney, is indicated when one pole is destroyed by stone or non- 
tuberculous infection but the remainder of the kidney can be demon- 
strated to be healthy and capable of sufficient function to warrant its 
conservation. Localized renal destruction due to calculus is the chief 
condition for which heminephrectomy is now being done Anything 
but complete nephrectomy is, we believe, inadvisable in cases' of renal 
tumor or tuberculosis, except, of course, where there is a solitary kidney 
or where the function of the contralateral kidney is markedly reduced. 
In such cases, if operation is to be performed at all, it must be a hemi- 
nephrectomy. 

Technic of Heminephrectomy in an Anatomically Normal Kidney. 
The technic of heminephrectomy upon a horseshoe kidney has been de- 
scribed on page 1691, and in a double kidney on page 1694 

The following is our method of performing heminephrectomy in an 
anatomically normal kidney: 

The kidney is exposed and delivered in the usual manner. The line 
of incision is then decided upon Ribbon gut, properly moistened, is 
placed through the fibrous capsule of the kidney, behind the line of in- 
cision, on the anterior and posterior surfaces, and the ends tied (Fig. 339). 
The diseased portion of the kidney is resected in such a manner as to 
leave a shallow V-shaped wound, the apex of the V being toward the 
center of the organ. Bleeding is controlled by an assistant grasping the 
renal pedicle between the thumb and forefinger. A piece of fat is applied 
to the cut surface of the kidney, and the ends of the ribbon gut are tied 
together over it with sufficient pressure to control bleeding but not so 
tightly as to cause pressure necrosis or tear the fibrous capsule through 
which the ribbon gut has been threaded. 

The kidney is replaced in the renal fossa and one or more Penrose 
drains are inserted in the wound. The wound is closed in the usual 
manner, using a continuous No. 2 chromic catgut suture for the trans- 
versalis fascia and transversus abdominis muscle, interrupted No. 2 
chromic catgut sutures for the internal and external oblique muscles, a 
continuous No. 2 chromic catgut suture for the deep fascia, and inter- 
rupted black silk Stewart sutures for the superficial fascia and skin. 
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moval of necrosed areas, etc., or for the establishment of temporary or 
permanent direct drainage of the kidney {nephrostomy). 

Use of Ribbon Gut. Considerable renal impairment follows nephrot- 
omy by the customary method, which necessitates the placing of mattress 
sutures through the renal cortex to obtain approximation of the edges 
of the incision and at the same time to control hemorrhage. Sutures 
thus placed must necessarily compress the vessels supplying the cortical 
and medullary substance of the kidney. Because the vessels are ter- 
minal, this cuts off the blood supply of an area extending from the site 
of the suture to the cortex of the organ, thereby producing an ischemia, 
with resultant necrosis and scarification of a goodly portion of the kidney. 
This may amount to as much as 25 per cent of the entire functioning 
tissue, if the wound is a large one. 

This destruction of the kidney substance has been la.rge\y obviated in 
our practice by the use of ribbon gut for the repair of the kidney following 
operative or traumatic wounds, as reported by Lowslcy in 1933 and 1935. 
This absorbable suture material, which is broad and flat like a ribbon, 
can be so placed about the kidney as adequately to approximate the in- 
cision and control bleeding. The gut is maintained in the desired posi- 
tion for closure of the wound by being passed through the fibrous capsule 
of the kidney. If properly tied around the kidney, it causes no pressure 
necrosis. 

Hemostasis is accomplished by inserting a strip of fat in the wound and 
approximating the wound edges without undue pressure. It is amazing 
how promptly the pad of fat, under a little pressure, will control even 
profuse hemorrhage in the kidney. This method of controlling bleeding 
was proposed by Irving Roll, of Chicago, in 1921, and has been very suc- 
cessful in our hands. We have utilized bits of muscle and pieces of fat 
in the same kidneys under identical conditions, and noted that the 
former took 16 to 21 minutes to control bleeding, while the fat averaged 
5 to 1^ minutes. Microscopic studies by others have demonstrated 
the thoroughness with which small particles of fat are incorporated in 
healed wounds of the kidney. Fat has an additional value in that, being 
semi-fluid, it promptly plugs up the fistulous tract when the drainage tube 
is removed from the kidney pelvis. Leakage from the nephrotomy wound 
is, therefore, minimal. 

A series of experiments with this technic was first conducted upon 
rabbits, and served to demonstrate the practicality of the method. The 
rabbit’s kidney is so small that it was deemed advisable to use larger 
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animals. Consequently, dogs were used in the second series of experi- 
ments. Their kidneys, while much smaller than the human, are large 
enough to accomplish the surgical measures involved. Postmortem 
specimens of animal kidney showed conclusively that wounds and inci- 
sions repaired in this manner heal perfectly, and that there is no destruc- 
tion of kidney, such as one sees when needles are passed through the 
cortical substance in the usual manner. 

The suture material used in this technic consists of flat ribbons of 
untwisted gut, 25 to 65 cm. long, 1.8 to 2.0 cm. wide, and of the thickness 
of fine rice paper. The gut is sterilized by heat in the usual type of asep- 
tic catgut tube, and is unaffected by age, climate, or light. Before it is 
used, ribbon gut should be immersed in warm sterile water or saline solu- 
tion for about 10 minutes to render it soft and pliable. Unlike the spirall) 
twisted strands of surgical catgut which lose tensile strength by too lonj 
an immersion, ribbon gut is not injured by prolonged wetting. It is 
tied in the same manner as are ordinary types of catgut. The width of 
the material does not interfere with adequate knots, and the tape shows a 
tendency to twist only over a distance of about a centimeter immediately 
adjacent to the knot. 

Ribbon gut has several distinct advantages. It is an animal mem- 
brane, very soft and pliable, which permits the ingrowth of fibroblasts 
from surrounding structures between its own fibrils. It may be made 
ready for use in the operating-room in unlimited amounts at a moment's 
notice. It is fitted with an atraumatic needle. It possesses the high 
safety factor of heat sterilization. 

Technic. The kidney is exposed and mobilized in the usual manner. 
When the operation is being done for the removal of a stone, or stones, 
a polar incision is usually made. .Almost any stone may be removed 
through a polar incision, and this type of wound is more easily repaired 
than a central cortical incision. The incision is usually made on the 
lateral, convex border of the fcfdney, slightly toward the posterior por- 
tion of the convexity, so as to avoid the vessels as much as possible. 

With the kidney completely exposed, ribbon gut which has been 
threaded into the -Lowsley ribbon gut needle (a short, flat, slightly curved, 
spear-pointed needle with cutting edges), is fixed in the proper position 
by passing it through the fibrous capsule of the kidney on the anterior and 
posterior surfaces (Fig. 340). Having placed the ribbon gut, an in- 
cision is made through the renal cortex, hemostasis being secured by 
manual pressure over the renal pedicle applied by an assistant. Some 
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Splitting Kidnev al lower pole 
wiiK cal&ui oy a sawing 



Tig. 341 Nephrotomy. (1) The ribbon gut has been placed in position. Incision is 
made into the cortex beta een the two capsular straps (or the kidney may be split w ith catgut 
by a saw ing motion, as show n here). (2) The calculus js being removed from the upper pole 
through the incision in the lou er pole. 


surgeons prefer to incise the kidney by means of a piece of catgut, which 
is threaded through a liver needle. The catgut is sawed back and forth 
in such a manner as to incise the cortex. Because of the terminal char- 
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actcr of the circulation of the renal cortex, it is assumed that bleeding 
will be less than if the incision were made in the opposite direction. 

The calculus or calculi are located and extracted with forceps. 

A drainage tube is inserted through the wound into the renal pelvis. 
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A piece of fat, suitable to the size of the nephrotomy wound, is placed 
in the wound for hemostasis and held in position while the ends of the 
ribbon gut are tied with just sufficient pressure to approximate the 
edges of the wound. Greater pressure is unnecessary and is to be avoided, 
since it is likely to result in necrosis. Catgut is fixed in the edge of the 
ribbon gut and tied around the drainage tube to prevent its dislodgmcnt. 

The kidney is replaced in the renal fossa. Penrose drains arc placed 
down to the site of the nephrotomy, and the wound closed in the usual 



Fig. 343. Nephrotomy: repair of kidney with ribbon gut. Photomicrograph (high power) 
of a section of the kidney (dog), showing clearly that the glomeruli are normal right up to the 
edge of the scar This indicates that there is practically no compression necrosis if the ribbon 
gut is properly tied around the kidney. 

manner., the nephrostomy tube being anchored in place at the posterior 
angle with one interrupted dermal suture of silk. 

As stated before, almost any stone may be removed by means of a 
polar incision. The entire kidney may be carefully searched, and all 
fragments removed by forceps or by forceful irrigation with hot saline 
and suction. We have performed this operation many times for the 
removal of stones from the renal pelvis or calyces, some of which have 
been very large. 

Operative Roentgenography. Operative roentgenography may be ad- 
vantageously used in this operation, as the x-rays arc of material assist- 
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ance in detecting stones or fragments of stone which might otherwise 
be overlooked, thereby reducing the incidence of recurrences. In the 
interval between preliminary’ examination and operation, small calculi, 
which have been observed in the preoperative film, not infrequently 
move to unexpected places. Prior to the advent of operative roent- 
genography and fluoroscopy, such stones were either left behind or dis- 
covered only after extensive exploration of the kidney, with correspond- 
ing injury to its substance. 

Postoperative Care Following Nephrotomy. The patient should be 
turned toward the side not operated upon and supported in back with a 
large pillow. The special nursing points to be observed in these cases 
are: (1) to watch and chart the drainage carefully; (2) to see that there is 
no traction on the drainage tube, and that the rubber tubing does not 
become kinked and drains freely; (3) to watch for the appearance of blood, 
mucus, pus, or any other foreign elements in the urine. 

Irrigations are given in order to keep the tube open and draining freely. 
The solutions most frequently used are sterile, distilled water, normal 
saline, and boric acid, 2 per cent. In stone cases, a citrate solution (see 
p. 1617) is often used. 

The Penrose drains are usually removed 2 to 4 days postoperatively, 
and the nephrostomy tube in about 10 days. The patient is usually kept 
in bed for from 12 to 16 days. 

Pyelotomy 

When incision of the kidney is confined to the renal pelvis, the opera- 
tion is termed pyelotomy. This is most frequently done for the removal 
of calculi or for the drainage of hydronephrosis (pyelosfomy). 

Because the majority of renal calculi are located in the renal pelvis or 
the calyces, pyelotomy is regarded by many operators as the procedure 
of choice for the removal of most renal stones. In our clinic, pyelotomy 
was formerly the operation most frequently performed, but, due to the 
efficiency of the ribbon-gut method of repairing nephrotomy wounds, 
nephrotomy has now become the operation of choice in most of our cases, 
and pyelotomy is seldom performed unless the renal pelvis is very large. 
General bad results from pyelotomy, due to stricture after the operation, 
with subsequent loss of the kidney, have strengthened our belief that 
this is an operation which should rarely be performed. 

Technic. Figure 344 shows a simple method of performing pyelotomy 
for the removal of small stones. 



unsutured, although it is safer to set in a suture or tno against urinary leakage. 

A small incision is made in the pelvic wall at the junction of the ureter, 
over the stone if possible. Should the incision reach all the way to the 
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hilum, there is danger of profuse hemorrhage. This short incision gives 
little room for exploration. A probe can be passed through it into the 


r" 



Fic. 345. Transperitoneal pjelolitbotomy in ectopic kidney. (1) An incision is made 
along the outer border of the rectus muscle and then across the rectus. (2) Separating the 
rectus muscle. {3) Cutting across the rectus. (4) Enlarging the incision in the anterior 
peritoneum. 

ureter, but there is no access to the kidney itself, and even the calyces 
can hardly be reached. Such an incision is easily closed, however, and, 
if there is no infection, may be left unsutured, although it is safer to 
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The intestinal tract is carefully packed off and the posterior layer of the 
peritoneum incised. The stone is usually easily located, as the pelvis 
in these cases is anterior. Pyelotomy is performed, the stone being 
removed with forceps. A tube is inserted into the pelvis for drainage and 
held there by a chromic catgut suture. The posterior layer of the peri- 
toneum is closed around the drainage tube, which is surrounded by Pen- 
rose drains. The parietal peritoneum is closed around the tube and 
drains. The wound is then sutured in layers, and the tube connected 
with a drainage bottle. The drains may gradually be withdrawn as 
soon as a fistulous tract is established. A catheter is inserted into the 
renal pelvis through the ureter before the drainage tube is withdrawn. 

Bisection of the Kidney 

Bisection of the kidney, for the removal of very large stones, may now 
be done without hesitancy, due to the efficiency in producing hemostasis 
which is afforded by the ribbon-gut method of renal repair. By use of 
the flat needle, ribbon gut may be placed in any part of the kidney and 
held in the proper position by being threaded through the fibrous capsule. 
Care must be taken not to have pressure exerted on the renal pelvis or 
pedicle by the strands of ribbon gut, as considerable damage may thereby 
be caused to the kidney. A drain is invariably introduced into the renal 
pelvis, and fat applied on the bleeding surface of the cortex, as described 
under Nephrotomy (p. 1674). The slight amount of pressure necessary 
to produce hemostasis does no damage to the cortex, and there is no danger 
of secondary hemorrhage, as the renal fat is incorporated in the repair of 
the kidney and necrosis does not occur. 

Calyceal Resection 

During the past 8 years, at the Brady Foundation, selected cases of 
primary and recurrent calyceal calculi have been treated by resection of the 
stone-containing calyx (usually the inferior calyx) together with a wedge- 
shaped piece of kidney parenchyma — repair of the wound being by the 
fat and ribbon gut technic. Our experiences with this procedure were 
reported by Twinem in 1940, and by Yunck and Forsythe in 1941. 

Most calyceal stones are removed through either pyelotomy or nephrot- 
omy incisions. In these procedures, however, the infundibulum is often 
injured, and subsequent stricturing leads to stasis, infection, and stone : 
recurrence. These aftermaths may frequently be prevented by calyceal 
resection. Healing following this operation is prompt, with little danger 
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of a permanent urinary fistula; resistant infection is usually not a factor; 
and there is little decrease, postoperatively, in the function of the kidney, 
as shown by a comparison of the preoperative and postoperative urea and 
phenolsulphonphthalein determinations. Most of the patients show no 
recurrence of stone either at the operative site or in other calyces. 

From the animal experiments of Yunck and Forsythe, it would appear 
that resection of the calyx with the scalpel is definitely superior to resec- 
tion with the high-frequency cutting current. 

Technic. The kidney is exposed through the usual lumbar incision and 
carefully delivered, the ureter, pelvis, and renal pedicle being gently freed 
from the surrounding areolar tissue. A wedge-shaped section of cortical 
and medullary tissue, containing the involved calyx and the stone, is 
removed in a radial manner in order that the interlobular blood vessels 
in the remaining parenchyma will be injured as little as possible. The 
surgical defect is approximated over a small piece of fat by ribbon-gut 
sutures placed through the fibrous capsule in the manner described for 
nephrotomy. A large nephrostomy tube is placed in the renal pelvis, 
and a No. 8 or 9-F. splinting ureteral catheter is bluntly inserted through 
a separate nephrostomy opening, approximation by suture usually being 
unnecessary. The wound is closed in layers with drainage. 

Postoperative Care. The ureteral catheter is removed at the end of a 
week, and the nephrostomy tube 3 to 5 days later. The latter is irrigated 
only when necessary to secure good drainage. 

Nephrostomy and Pyelostomy for Temporary or Permanent Drainage 

Drainage of the kidney, by nephrostomy or pyelostomy, frequently 
is indicated as a temporary and preparatory measure. Occasionally, 
permanent direct drainage is required — as, for example, when both ure- 
ters, or a remaining ureter, are diseased or strictured beyond the possi- 
bility of repair. A fistulous opening directly through the kidney sub- 
stance into the renal pelvis has been found much more satisfactory than 
indirect drainage around the kidney into the pelvis, since nephrostomy 
tubes must be left in place and changed periodically. 

Indications for nephrostomy are: 

(1) Failing renal function due to stricture, occlusion or obstruction of 

both ureters or a solitary ureter, as in calculous anuria, tuber- 
culosis, and malignant disease. 

(2) Anuria from acute nephritis of mercurial poisoning. 

(3) Dynamic disturbances of the renal pelves, ureters, and bladder, 

preventing evacuation of the urine. 
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(4) Bilateral renal calculi, with severely damaged kidneys. 

(5) As a temporary measure to improve function, in hydronephrosis 

or infected hydronephrosis, in which the cause of the obstruc- 
tion is removable. 

Incision and Drainage of Renal A bscess 

A large, well-walled-off renal abscess of non-tuberculous origin, which 
does not involve too much of the renal substance, may often be success- 
fully incised and drained, thereby saving a functioning organ. 

Technic. The kidney is exposed in the usual manner but is not iso- 
lated, as it is advisable not to expose any more tissue than is necessary 
to drain the abscess. The lesion, having been located, is punctured 
with scissors or a hemostat. A drainage tube is inserted in the abscess 
cavity and fixed in position with a plain catgut suture. Penrose drains 
are inserted down to the kidney and the wound closed in layers, but not 
too tightly. 

Postoperative Care. The drainage tube is irrigated daily with a suit- 
able antiseptic solution such as: peroxide-iodine solution (3 or 4 drops of 
iodine to each 60 cc. of peroxide), Dakin’s solution, full or half strength; 
potassium permanganate, 1 :10,000; normal saline solution, and boric acid, 

2 per cent. When the drainage ceases, the Penrose drains are first re- 
moved, the tube later, and the wound finally allowed to heal. 

Operative Treatment of Renal Cysts 

Polycystic Disease.* The treatment of polycystic disease is largely 
medical (Polycystic Disease, p 1537). The condition is always bilateral 
and progressive, and no operation as yet devised will influence more than 
temporarily the growth of the cysts and the destruction of the renal 
tissue. Operative removal of the more advanced kidney will not improve 
its polycystic mate; on the contrary, nephrectomy appears to hasten 
cystic degeneration in the opposite kidney, and in a majority of cases 
has ended disastrously. Although urological opinion is practically unani- 
mous that a polycystic kidney should not be removed because of its cystic 
condition alone, opinions differ regarding removal of a polycystic kidney 
that is otherwise diseased. Some authors feel that nephrectomy is 
never justifiable, while others are of the opinion that if the polycystic 
condition of one kidney is complicated by a surgical lesion, such as tumor, 
stone, or gross infection, which presents a direct threat to the patient’s 
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life, and the function of the opposite polycystic kidney is adequate to 
sustain life, nephrectomy should be done, even though the remaining 
kidney will progressively enlarge and eventually fail. 

It is our opinion that removal of a polycystic kidney is rarely indicated 
but that occasionally conditions do occur which warrant the performing 
of nephrectomy. Dr. Roy B. Henline has reported a very interesting 
case of fibrosarcoma in a polycystic kidney successfully treated by 
operation, the patient doing well for 5 years after operation, with the 
opposite kidney functioning adequately to permit her to lead a normal 
life. This 46-year-old woman was first admitted to the Brady Urological 
Foundation, of the New York Hospital, in 1933, complaining of intermit- 
tent blood in the urine. Following a complete urological study, removal 
of the right kidney' was advised. Operation was refused by the patient 
at this time and on several subsequent admissions. The kidney, with the 
tumor, was finally removed in 1936 by Dr. Henline. The vena cava was 
almost occluded by the tumor, but by careful dissection and manipulation 
the tumor mass was delivered from the vena cava with very little bleeding. 
For S years the patient did well, but at the present time (6 years post- 
operatively) there are widespread metastases. 

Conservative operative measures are sometimes necessary’ for the 
relief of hemorrhage or infection. Bleeding from a polycystic kidney', 
either through the pelvis or in the perirenal region, may be so great that 
operation must be done as a life-saving measure. Occasionally a poly- 
cystic kidney may become so grossly infected that a nephrostomy is 
necessary. We no longer fear to do a nephrostomy in such cases, since 
the bleeding is easily stopped by' applying pieces of fat over the bleeding 
points and holding them in place with ribbon gut. One patient in our 
experience lived 10 years after a nephrostomy necessary to control the 
bleeding from one of his kidneys, and died at the age of 67 years. Ne- 
phropexy or plastic operations for the securing of better drainage may 
occasionally be advisable. In a case of bilateral polycystic disease 
observed at the Brady Foundation, Twinem incised and drained a peri- 
nephritic abscess on each side, the patient eventually being able to 
resume his occupation as a fireman. 

In selected cases, puncture of the cysts, as recommended by' Rovsing 
many years ago, has a beneficial effect on general symptoms and, to a 
certain extent, controls pain, hemorrhage, and infection. As many' cysts 
are evacuated as can be reached by surgical exposure of one or both kid- 
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neys. We favor the insertion of a nephrostomy tube, which is only 
removed when the urine is cleared of both pus and blood. Penrose 
drains are inserted to the site of the punctured cysts to carry off the 
secretions. 

If operation of any type is to be undertaken upon a polycystic kidney, 
the presence of an adequate functional reserve in the other kidney must 
be very carefully established. The avoidance of general inhalation anes- 
thetics in surgery upon the polycystic kidney is most important. 

Simple Cysts. The treatment of choice in the majority of cases is ex- 
cision of the free portion of the cyst, with treatment of the adherent re- 
mainder by phenolization, and closure of the defect with a pad of fat and 
chromic ribbon gut, as described below. Attempts to remove these cysts 
in toto are likely to result in a dangerous amount of bleeding, due to the 
firm adhesion of a portion of the cyst wall to the renal parenchyma. Re- 
section of the free portion of the cyst by the method described here is a 
practically bloodless operation, and there is little likelihood that the cyst 
will recur following this procedure. 

Nephrectomy is reserved for cases in which there is marked destruction 
of the kidney either by the cyst or by associated disease, Dr in which care- 
ful examination of the cyst wall at operation discloses evidence of malig- 
nancy. Neoplasm should always be suspected, and thoroughly searched 
for, when the contents of the cyst are hemorrhagic. 

If the patient refuses operation, or if surgery is for any reason contrain- 
dicated, aspiration of the fluid content of the cyst through the loin, and 
the injection of 50 per cent glucose solution, will give relief from pain and 
may, in an occasional case, even result in cure. 

Excision of Free Portion of Cyst, with Phenolization, and Repair of 
Kidney with Fat and Ribbon Gut. The kidney is exposed through the 
usual lumbar incision, and the cyst carefully freed by blunt dissection. 
The free portion of the cyst is then excised. The smooth lining of the 
leTnnant of the cyst wall in contact with the renal parenchyma is not 
removed. Fifty per cent phenol with glycerine is applied to the lining 
of this unexcised portion of the cyst wall, and is followed by the applica- 
tion of 95 per cent alcohol. 

The defect in the kidney caused by the removal of the cyst is repaired 
as follows : A pad of fat is placed in the residual cavity for hemostasis, and 
the margins of the kidney are dosed over the fat with mattress sutures of 
chromic ribbon gut placed through the fibrous capsule of the kidney. 
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Operative Treatment of Hydronephrosis 
The operative treatment of hydronephrosis has been adequately 
covered elsewhere in these pages (Hydronephrosis: Treatment, p. 1420; 
Surgical Treatment of Obstructions at the Ureteropelvic Junction, p. 
1305). 


Incision and Drainage of Ferinephritic Abscess 

Technic. A small incision is utilized in draining a perinephritic 
abscess. It extends for about 7 cm. along the lower border of the twelfth 
rib. It is deepened through the subcutaneous tissue and musculature, 
and the deep fascia is then incised. The fatty capsule— the site of the 
abscess — lies just beneath the deep fascia. 

An instrument is inserted, and the abscess thus opened is drained by 
suction. A specimen of pus is secured for culture. The interior of the 
abscess is then explored with the finger, and any honey-combed areas and 
pockets are broken down. Care is taken not to break through the wall 
of the abscess, thus preventing extension of the pyogenic process. 

After the abscess cavity has been thoroughly cleaned out, a tube, 
split at its lower end, is inserted. 

The wound is closed in the usual manner, but not too tightly as this 
might interfere with proper drainage. 

Postoperative Care. The wound is irrigated at frequent intervals 
with suitable antiseptic solutions (see Renal Abscess, p. 1686). After 
drainage ceases, the application of heliotherapy and ultraviolet light 
will stimulate healing. 

Operative Treatment of Renal Anomalies 

The surgical treatment of renal anomalies has already been considered 
to some extent (Anomalies of the Kidney, p. 1361; Surgical Treatment 
of Ureteral Anomalies, p. 1302). 

The three types of anomalous kidneys which most frequently require 
operative treatment are: (1) fused (horseshoe) kidney, (2) double kidney, 
and (3) ectopic kidney. 

OPERATIVE TREATMENT OP PUSED KIDNEY 

Fused kidneys, because of their anomalous position and blood supply, 
are much more likely to be the site of pathological change than non-f used 
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organs (Fused Kidney, p. 1373). The most common types of pathology 
are hydronephrosis, calculus, and infection. Tuberculosis, cysts, and 
tumors are not infrequent. In a case reported from our clinic, the left 
half of the horseshoe kidney was the seat of a calculus, a papilloma, and 
a hypernephroma the size of a small tangerine (Del Vies, 1930). A 
heminephrectomy was successfully done in this case. Once a horseshoe 
kidney, or other form of fused kidney, has become diseased, there is 
usually slight chance of permanent cure except by surgical intervention. 
Palliative measures may afford temporary relief in some conditions, 
but recurrence is the rule because of poor drainage due to the high inser- 
tion and abnormal course of the ureters and the presence of aberrant 
vessels. 

Calculus may require pyelotomy, ureterotomy, or nephrotomy for its 
removal. Division of the isthmus, with nephropexy when necessary, has 
been advocated for certain cases of pathological change due to back 
pressure. 

Heminephrectomy is often indicated when the pathological process is 
limited to one-half of the fused kidney, and has been successful in our 
hands in several instances. The first surgeon to attempt removal of the 
diseased half of a horseshoe kidney appears to have been Braun (1882) 
The operation was not successful. In 1888 Socin succeeded in curing a 
patient suffering from intermittent hydronephrosis by first opening the 
dilated kidney pelvis, and later, when relief was not afforded, by resecting 
the affected half of the kidney. During the opening decade of the 
twentieth century, heminephrectomy was successfully performed by 
numerous operators for various types of pathology in fused kidneys, and 
from then on heminephrectomy in the diseased horseshoe kidney became 
fairly common. In 1928 we were able to collect 92 cases from the 
literature. 

Operations upon fused kidneys present more problems than similar 
procedures upon non-fused organs, but, prepared by accurate diagnosis 
and knowledge of the state of both portions of the fused kidney, the 
surgeon can usually attack pathological conditions in these organs with 
the same hope of success as when the lesions are situated in normally 
formed and located organs. 

If both sides of the fused kidney are diseased, surgery is limited to 
palliative treatment, and qven this must be undertaken with extreme 
caution. 
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Heminephrectomy in Horseshoe Kidney. The kidney is exposed by 
an incision parallel to and below the twelfth rib, extending from about 
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the middle of the rib to a point above the anterior-superior spine of the 
ilium. Care is taken to avoid injury to the twelfth nerve and its 
branches, and to the ilio-inguinal and ilio-hypogastric nerves. Occa- 





sionally a branch of the twelfth nerve wall extend across the incision. 
When this happens, careful dissection will often allow the nerve to be 
retracted to the proximal side of the wound. 
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The fascia covering the erector spinae muscles is incised both above 
and below the point where it participates in the formation of the costo- 
vertebral ligament- This allows the rib to swing up, and makes rib 
resection unnecessary in most instances. The fascia is incised, the mus- 
cles divided, and the deep fascia nicked in the costovertebral angle. This 
incision is widened and the peritoneum carefully protected as it is stripped 
back. If the peritoneum accidentally injured, it is immediately 
repaired. 

The fatty capsule surrounding the kidney is then grasped well up in 
the costovertebral angle and opened. This opening is enlarged by blunt 
dissection until the cortex of the kidney is seen. The fatty capsule is 
then separated from the kidney. During this process it will be found 
necessary to tie off many aberrant blood vessels, which are always present 
in horseshoe kidney and may come from any nearby large vessel. 

• Having separated the upper pole of the diseased half of the horseshoe 
kidney and secured the bleeding points, the ureter is then dissected down 
as far as possible, and the stump ligated and incised with a cautery or 
with scissors, the cut ends being cauterized by carbolic acid followed by 
alcohol. 

The dissection is continued, and any vessels encountered are secured. 
The isthmus is identified and freed from surrounding adhesions. The 
diseased portion of the horseshoe kidney is then excised by making a 
V-shaped incision into the isthmus, the apex of the V pointing toward 
the sound half. After removal of the excised portion, the isthmus is 
repaired by means of ribbon gut (which has previously been placed 
through the fibrous capsule), a small piece of fat being held in the 
V-shaped wound while the ribbon-gut ends are being tied over it. 

Penrose drains are placed down to the isthmus, and the wound is closed 
by layers, plain catgut being used except in the skin, where silk or silk- 
worm gut is used in interrupted sutures. 

Postoperative Care. The postoperative care is that usually given 
to nephrectomy cases. 

OPERATIVE TREATMENT OF DOUBLE KIDNEY 

Double kidney — namely, an organ with two pelves, with or without 
separate ureters — has already been considered in connection with Anoma- 
lies of the Ureter (p. 1215) and Surgical Treatment of Ureteral Anomalies 
(p. 1302). Such a kidney may have one part badly diseased and of no 
functional abilit 3 r . Provided that there is a healthy kidney on the oppo- 
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site side, it is the practice of many surgeons to do a nephrectomy, sacri- 
ficing the good half of the double kidne) r with the bad. 

When a double kidney presents stone, hydronephrosis, or non-tuber- 
culous infection of one segment, with the other segment free of disease, 
we believe aheminephrectomy should be done, thus conserving an impor- 
tant functioning organ. If either part of the double kidney is the site 
of a tuberculous infection, nephrectomy is advisable, if the contralateral 
kidney is healthy, since heminephrectomy in such cases may leave a 
permanent fistula, and, in any event, removal of the remainder of the 
double kidney will ultimately be required in almost ever)’ case. 

Heminephrectomy in Double Kidney. The kidney is exposed in the 
usual manner and carefully isolated. The distribution of the vascular 
supply must be carefully determined, since in certain double kidneys the 
halves have separate blood supplies. 

The site of the heminephrectomy is decided upon. Chromic ribbon gut- 
is placed through the fibrous capsule on both the anterior and posterior 
surfaces, above and below, and the ends tied and left hanging free. 

The diseased portion of the kidney is outlined, and is then excised 
by making a V-shaped incision into the healthy portion, pressure being 
exerted on the renal artery’ by an assistant to prevent excessive hemor- 
rhage. A small pad of fat is placed over the cut surfaces, and the ribbon- 
gut sutures are tied together, approximating the edges of the wound and 
so compressing the vessels that when the pressure is removed from the 
vascular pedicle the bleeding is controlled. 

OPERATIVE TREATMENT OF ECTOPIC KIDNEY 

Surgery' m an ectopic kidney is often necessary, and has been done 
with entire success in many instances. All operations upon ectopic 
kidneys must be done by the transperitoneal route. Operation is fre- 
quently difficult, due to the ever-present anomalous blood vessels. The 
blood supply of an ectopic kidney comes from the nearest great vessels, 
and the vessels must be damped and ligated as they are encountered by 
the operator. The fact that ectopic kidneys lie directly upon the great 
vessels makes extreme care essential when severing the adhesions which 
always surround a diseased kidney. Subcapsular removal is sometimes 
advisable. 

Some authors bluntly state that the only treatment for an ectopic 
kidney is nephrectomy, which, of course, can only be done when the 
opposite kidney can unequivocally be demonstrated to be capable of 
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carrying on alone. Frequently the displaced organ will be so diseased, 
or at least hydronephrotic, that the normal kidney will be doing most of 
the work. But if the ectopic organ is so placed that its drainage is fairly 
good, and if infection is absent, or moderate and capable of control, 
its conservation should be attempted. If the ectopic kidney is situated 
above the crest of the ilium, the defects of drainage are sometimes sus- 
ceptible of correction. This may be accomplished by mobilizing the 
kidney sufficiently to place it in the normal position, where it may be 
anchored by sutures. This cannot be done in the case of an ectopic 
pelvic kidney, because its vessels are derived from the iliac and pelvic 
plexuses and are so located as to make it impossible to raise the kidney 
to its natural position. 

It is possible to drain the kidney through the peritoneal cavity without 
danger by using a drainage tube fixed in the renal pelvis and completely 
surrounded by Penrose drains. These may gradually be withdrawn as 
soon as a fistulous tracl is established. A catheter is inserted into the 
renal pelvis through the ureter before the transpcritoneal drainage tube 
is withdrawn. 

The removal of calculi by pyelotomy is described elsewhere (Trans- 
peritoneal Pyelolithotomy in Ectopic Kidney, p. 1683). 

Operative Treatment of Renal Injuries 

Indications for Operatire Treatment. While slight, uncomplicated 
renal injuries will usually heal under palliative treatment, it is our belief 
that many cases of renal injury are fatal because the surgeon does not 
operate soon enough. Early exposure in all cases where the extent of 
the injury cannot he definitely determined is advisable. Early operation 
enables the surgeon, first, to remove the extra vasated clotted blood, which, 
if allowed to remain, may become infected or result in marked fibrosis, 
causing obstruction of the ureter and secondary disturbances within the 
urinary tract. It also enables the surgeon to inspect the kidney and adja- 
cent structures and make the necessary repairs, when possible, thereby 
saving the kidney. Should nephrectomy be inevitable, it is much better 
that it be done at once than that the patient be exposed to the dangers 
of uncontrollable hemorrhage or secondary infection. 

We have definitely proved, by experimentation and clinical observa- 
tion, that great destruction of the kidney may occur without primary 
rupture ol the fibrous capsule. Pulpefaction of a large part of the kidney 
cortex may occur without any perirenal infiltration of either blood or 
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urine until many days after the initial traumatism, when the fibrous 
capsule has been digested by the ferments released under it by trau- 
matism to the cortical substance. 
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We believe that every case of renal traumatism that is sufficiently 
severe to cause hematuria or pain in the kidney area should be hospital- 
ized and carefully observed If shock is great, the patient should be 



given supportive treatment, including blood transfusion, and exploratory 
operation done at the earliest safe moment. If there is evidence of 
extravasation in the intravenous pyelogram, or of extensive hemorrhage. 
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as indicated by a tumor in the loin, rigidity, hematuria, shock, and 
by blood examination, immediate exploratory operation should be done 
and the injury dealt with according to the findings. If the injury has 
not been grave at the outset, but hematuria continues longer than 24 



to control hemorrhage. 


hours, surgical exposure is indicated. Even if there is no hematuria, 
but the pulse rate increases, the blood pressure begins to drop, and 
tenderness and swelling persist in the loin, operative intervention should 
not be delayed. 

At operation, the kidney may be found to be damaged beyond the 
possibility of successful repair, or there may be involvement of the 
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vascular pedicle, so that nephrectomy becomes imperative. In emer- 
gency cases, where there has been no time to demonstrate a normal 
kidney on the opposite side, this should be determined by opening the 
peritoneum through the lumbar incision and direct palpation before the 
injured kidney is removed. Occasionally, it may be more convenient 
to approach the injured kidney by the abdominal route, particularly if 
other injuries have been sustained. 

Frequently, even in badly traumatized kidneys, isolated fragments 
of parenchyma may be removed, the kidney pelvis drained, and hemosta- 
sis obtained by introducing small pieces of fat and repairing the capsule 
by the ribbon-gut method reported by Lowsley in 1933. 

Repair of Ruptured Kidney by Ribbon-gut Method. The kidney is 
exposed in the usual manner and isolated. If the renal damage is exten- 
sive, the fibrous capsule will be elevated by the underlying hematoma, 
and the damage to the renal cortex can be both seen and felt. 

The capsule is opened, blood clots are sponged away, and isolated 
wedges of damaged cortical tissue are removed. Bleeding is controlled 
by applying small pieces of fat and fixing them in position by tying 
ribbon gut around the kidney and over the affected portions, sufficient 
pressure being used to control the hemorrhage. The gut may be fixed 
in any desired position by means of straps made in the fibrous capsule of 
the kidney. A rubber drainage tube is passed into the renal pelvis before 
the ribbon-gut ends are tied. 

Penrose drains are placed around the kidney, and the wound is closed 
in layers in the usual manner. 

Operative Treatment of Nephroptosis 

Indications for Operation in Nephroptosis. The indications for surgi- 
cal intervention in nephroptosis have been considered in the preceding 
chapter (Nephroptosis: Diagnosis, Treatment, p. i625). 

Types of Operations. A properly performed nephropexy, with decap- 
sulation, ureterolysis, uretcropyeloplasty, or sympathectomy , as required, 
is productive of highly beneficial results in carefully selected cases. In 
order to fix the kidney so as to secure free drainage of its pelvis and 
ureter, abnormalities of the ureteropelvic junction and upper portion of 
the ureter, which are operating with the renal mobility to impede drain- 
age, must first be corrected. Frequently, therefore, elevation of the 
kidney is but part of the surgical treatment. 

The selection of suitable cases for operation cannot be too often 
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emphasized. Excessive renal mobility alone seldom produces symptoms, 
and unless there is evidence of interference with pelvic and ureteral 
emptying, surgery is rarely indicated. 

Exceptions are certain cases of nephralgia, for which we advocate 
denervation and decapsulation. 

The technics for nephropexy, which have been described since Hahn, 
in 1881, first recommended suspension of the kidney, are almost infinite 
in number and variety. Most of them fall into one or another of the 
following groups: (1) partial decapsulation, with the kidney supported 
by gau 2 e packed below it until adhesions capable of maintaining its 
position have formed; (2) partial decapsulation, with obliteration by 
suture of the fascial pocket into which the kidney has become habituated 
to descending; (3) suspension of the kidney by transfixing sutures of 
various materials through the parenchyma; (4) the use of flaps from the 
renal capsule (Morris turns back a wide flap and sutures it to the upper 
angle of the wound; Vogel uses two strips of capsule from the anterior sur- 
face which he wraps around the last rib, brings forward, and sutures to 
the adherent portion of the capsule); (5) suspension of the kidney as in 
a hammock. A majority of these operations either subject the kidney to 
serious infections or destroy a portion of the parenchyma by puncturing 
sutures. 

Brodel’s triangular stitch method and Edebohls’ operation have been 
widely copied. Among the many others who have devised methods of 
nephropexy are Papin, J. J. Bell, O. S. Fowler, Fullerton, von Lichten- 
berg, Thorason-Walker, Mathe, Deming, and Lowsley. Hess reports 
a large number of cases of periarterial sympathectomy with ureterolysis, 
with very satisfactory results, and recommends this procedure even as a 
substitute for nephropexy. 

In our own practice we have had excellent results with the ribbon-gut 
method of nephropexy described by Lowsley in 1935. We have also 
found Deming’s method of supporting the kidney by a hammock of 
fascia a satisfactory and practical procedure. 

Irrespective of the technic used in performing nephropexy, certain 
fundamental surgical requirements should be complied with, namely: 

(1) The ureteropelvic junction and upper portion of the ureter must 

first be freed of all constricting bands, aberrant vessels, etc. 

(2) The kidney should be replaced as nearly as possible in its normal 

position. 

(3) Changing the axis of the kidney is as important as elevation. 
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Fie. 353. Nephropexy, using chromacued ribbon gut. (1) Lumbar skin indsion. (2) 
The kidney has been mobilised and delivered. Incising the fibrous capsule of the kidney. 
(3) Freeing the capsule, so as to expose about one-sixth of the renal surface. 
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Nephropexy by Lowsiey’s Ribbon-gut Technic. In this technic, 
21-day chromacized ribbon gut, studded with an atraumatic needle at 
each end, is used. 



Fig. 353. Nephropety, with ribbon gut Showing the ribbon gut in position about the two 
poles of the kidney. One end of the strand about the upper pole is tied to the free end of the 
strand about the luwer pole to hold the two slings firmly in position when tension is made. 


An incision is made about 2 cm. below the costal margin, extending 
from the costovertebral angle downward and mesially for about 16 cm. 
This is deepened through the fascia. The costovertebral ligament is 
incised, allowing the twelfth rib to swing up and giving more operative 
space. The incision is continued through the muscular wall, care being 
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taken to preserve the ilio-inguinal and ilio-hypogastric nerves, as well 
as the lower fibers of the twelfth costal nerve. 

The fatty capsule is opened, the kidney mobilized, aberrant vessels 
or fibrous bands ligated and divided, and the organ delivered. 

The fibrous capsule is divided in the midline and stripped back, expos- 
ing about one-sixth of the kidney’s surface. 



tus lumborum muscle. 

Chromic ribbon gut is fixed about the upper and lower poles of the 
kidney, being passed through straps made in the fibrous capsule at suit- 
able intervals. It must be tied loosely enough so as not to cause com- 
pression of the cortical substance, but tightly enough to hold firmly. 
The free ends of the upper and lower strands are then tied together, 
which helps to hold the ribbon gut in position and forms a basket-like sup- 
port for the kidney. 
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The needle attached to the sling o f ribbon gut about the upper pole 
is then inserted just above the border of the twelfth rib, as far bad: as 
possible, and the ribbon gut drawn through, bringing the kidney, with 
its partly denuded cortex, up to the body wall. Care must be taken 
to pull the kidney sufficiently high so that the ureter, which has been 
dissected free, is straight and slightly stretched. The attached needle 



Fig. 357. Nephropexy, with ribbon gut. Operation completed. The kidney is drawn upward 
and outward, with the ureter free and straight. 


is cut away, and this end of the ribbon gut is tied to the end which has 
been tied to the lower strand of gut. The needle-studded end of the 
sling of ribbon gut about the lower pole is passed through the quadratus 
lumborum muscle at an appropriate place, the needle cut away, and the 
end tied to the end which has been tied to the upper strand. 

A careful examination is again made, to be certain that there is no 
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which has produced inconspicuous damage in the renal parenchyma 
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obstruction of the ureter, and the wound is closed in layers in the usual 
manner, without drainage. 

Deming’s Method of Nephropexy. In Deming’s operation the in- 
cision is begun high in the costovertebral angle and continued downward 
and transversely half-way between the lower rib and the crest of the 
ilium. Approach to the kidney is through Petit’s triangle. The twelfth 
thoracic nerve is located and carefully avoided. The fatty capsule is 
opened posterolaterally. The perirenal fat is stripped off the kidney, 
which is then delivered into the wound. Adhesions at both poles must 
be removed, and the ureter straightened, if kinked or twisted. 

The kidney is placed with the upper pole in a median position and the 
lower pole pointing outward, to provide the lower calyx with dependent 
drainage. It must be replaced sufficiently high to remove all kinks and 
tortuosities, which sometimes requires that an adherent right lobe of 
the liver must first be freed. 

With the kidney held in this position , from 5 to 8 interrupted mattress 
sutures of chromic catgut No. 00 are placed through the perirenal fascia 
and peritoneum into the quadratus muscle, the first stitch being 1 cm. 
from the ureter and as high as possible on the quadratus muscle 
posteriorly. These sutures form a basket sling for the kidney, so that 
it is impossible for it to descend. This row of sutures is reinforced by 
bringing up all the retroperitoneal fat and suturing it with 2 or 3 mattress 
sutures to the quadratus muscle below the first line of sutures. This 
not only reinforces the original support, but fills up the space formerly 
occupied by the kidney. 

The wound is closed in layers, without drainage, using No. 2 plain 
catgut for the subcutaneous tissues and interrupted sutures of silk for 
the skin. 

Decapsulation of the Kidneys 

Bilateral renal decapsulation — the stripping from the kidneys of the 
greater part of their fibrous capsules — is quite frequently done in cases 
of acute diffuse glomerulonephritis, pregnancy toxemia, chronic nephro- 
sis with edema, and bichloride of mercury nephrosis. It is probably not 
indicated unless there is oliguria or anuria. 

Unilateral decapsulation is sometimes performed in nephralgias and 
acute renal infections. 

Semi-decapsulation is usually done in nephroptosis, in conjunction with 
nephropexy. 
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Technic of Bilateral Decapsulation. Bilateral decapsulation is rather 
easily accomplished by the following technic: 

The patient is placed flat on the abdomen, with an elevator under the 
abdomen. This puts the back on the stretch. 

The incision extends from the costovertebral angle outward and 
downward under the twelfth rib, keeping about 2 cm. from the rib 
in order not to injure the subcostal vessels and nerve. The wound 
should be sufficiently long to expose the kidney properly. 

The kidney is freed from its fatty capsule by blunt dissection. An in- 
cision is made through the fibrous capsule on the convex surface, and the 
capsule stripped back (using the blunt side of the scissors). This exposes 
the cortex and relieves any subcapsular pressure that may exist. 

The wound is closed in layers in the usual manner, without drainage. 

Identical procedures are done on both kidneys. 

Renal Sympathectomy for Nephralgia 

Renal sympathectomy is a very useful operation in the rather uncom- 
mon cases of true nephralgia with which the surgeon comes in contact. 

The idea of severing the nerve fibers conveying impulses provocative 
of pain or motor imbalance originated many years ago, but it was not 
until 1921 that renal denervation was practiced upon a human being. 
This initial renal sympathectomy was done by Papin of Paris, who be- 
came convinced that in this procedure he had found a means of relieving 
the pain due to chronic nephritis and hydronephrosis from various causes, 
as well as nephralgias of unexplained origin. Herbst, in 1932, and S. H. 
Harris, in 1935, discussed the scope and utility of renal sympathectomy 
in America and Great Britain respectively. In 1936 the entire subject 
was well reviewed by T. E. Gibson, who concluded that the operation 
has no harmful effects upon the kidney, is surgically feasible either alone 
or in conjunction with other procedures, and in a number of conditions 
is indicated for the relief of pain, especially when there is no demonstrable 
pathology in the kidney to account for the symptoms. 

Innervation of the Kidney. The splanchnic nerves are chiefly respon- 
sible for carrying painful stimuli in the renal region, and through the celiac 
ganglion the splanchnics are brought into relation with the vagus nerve. 
But the vagus nerve does not contain any vasomotor fibers which reach 
the kidney, nor does it apparently influence the kidney in any way, except 
indirectly through the heart action. No ganglion cells are found in the 
renal parenchyma, although they are found in the renal plexus. But in 
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the splanchnics many vasoconstrictor and vasodilator fibers can be 
demonstrated — the constrictors greatly outnumbering the dilators. 
Vasodilator fibers destined for the kidney are to be found in the vagus 
nerve; and the renal plexus surrounds the renal artery with a somewhat 
loose investment of nerve fibers, although no corresponding network is 
found about the renal vein. It has been noted that the kidney may be 
completely denervated by the performance of a segmental periarterial 
sympathectomy. 

In addition to the purely vascular innervation, there seems to be a 
widely extended, non-medulated innervation of the renal parenchyma. 
In the connective tissue of the walls of most of the renal vessels, and in 
the smooth muscle found in the renal pelvis and calyces, are to be found 
motor nerve endings, as well as the terminations of sensory nerves; but 
there is no collateral innervation. It has been noted that if the splanch' 
nics or the renal plexus of either side be stimulated, vasoconstriction will 
take place, but only on the same side as that subjected to irritative im- 
pulses. 

Comparing the work of various surgeons upon renal nerves, T. E. Gib- 
son concluded that the indications for performing renal sympathectomy 
were the same as those accepted for the use of sympathectomy in any other 
part of the body, namely: vasomotor spasm, pain; and motor imbalance 
or dyskinesia. These are all capable of causing renal symptoms “which 
cannot be accounted for by the presence of demonstrable organic lesions. 
Disturbance of the mechanism of muscular innervation in the kidney was 
termed by S. H, and R. G. S. Harris “sympatheticotonia.” They charac- 
terized it thus: (1) positive reproduction of the pain complained of by the 
patient on distension of the renal pelvis; (2) pyeloscopic demonstration 
of definitely decreased motility in any of the calyces or of the entire pelvis; 
(3) delayed emptying time of the individual calyx or pelvis; (4) recur- 
rence of pain after its temporary relief by physostigmine; (5) evidence 
of generalized sympatheticotonia, which may be most marked on the side 
of the lesion; (fi) negative urinary observations on microscopic and cul- 
tural examinations, and (7) the proved absence of organic ureteral stric- 
ture. 

Indications for Operation. The indications for renal sympathectomy 
are indefinite, and, until more is known about the relation of the sympa- 
thetic nerves to the kidney, will undoubtedly continue so. The operation 
was originally performed by Papin for chronic painful nephritis, hydrone- 
phrosis of small size, and nephralgias for which no cause could be demon- 
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strated. Hess has recommended the procedure for use in connection with 
nephropexy, where that operation has failed to relieve the patient of the 
pain and nervous symptoms accompanying movable kidney. Hinman 
has made a similar suggestion. The procedure has also been put forward 
as a substitute for the Edebohls decapsulation operation, as it is now gen- 
erally believed that the success which sometimes follows decapsulation 
is due not to the removal of the capsule itself, but to the partial denerva- 
tion of the kidney which decapsulation necessarily brings about. 

Page and his co-workers found that renal denervation in patients with 
chronic nephritis caused excretion of protein to diminish in four out of 
five cases, while the efficiency of the kidney, as indicated by the results 
from the urea clearance test, showed no change, irrespective of whether 
the sympathectomy had been performed on one or both sides. From 
these results, they drew the conclusion that the operation docs not in- 
crease the flow of blood to the kidney. From clinical observations of 
the weight and response of patients to the ingestion of water, they saw 
no reason to believe that denervation alters the water balance of the body, 
and felt justified in assuming that water-balance is not controlled by the 
extrinsic renal nerves. The denervated kidney “works at a higher tempo 
and must become fatigued much faster than the normal one which is under 
the regulatory influence of the central nervous system.” 

Renal sympathectomy cannot bring about improvement except in 
cases where the pain has been produced by muscular spasm. The indi- 
cations for its performance are, therefore, quite limited, and the proce- 
dure should be looked upon as a last resort, when more conservative 
measures have failed. 

Technic of Operation. This is described below. 

Surgical Treatment of Arterial Hypertension 

Renal sympathectomy, by means of excision of the proper nerve 
plexuses, has been rather widely done for the relief of arterial h)~pcr ten- 
sion. Cures of the condition have not been numerous by this procedure, 
but many of the patients have relief of symptoms for a considerable 
period of time. 

It was about 1930 that the first attempts to relieve arterial hyperten- 
sion by such surgical procedures as celiac ganglionectomy, renal decap- 
sulation, or even nephrectomy were made. Since then, many operative 
procedures have been suggested and performed, until, at present, there is 
an imposing array of possible interventions, only a few of which can be 
mentioned in any detail. 
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Denervation of the Kidney. In our service, we usually expose the kid- 
ney through the ordinary loin incision. The nerves that accompany the 
renal vessels into the hilum of the kidney are then carefully exposed and 
divided. In order to do this, it is necessary to dissect free the ureter and 
ail the renal vessels. All the nerve filaments possible must be eliminated. 

Smithwick’s Method of Splanchnic Resection. It is the opinion of 
Smithwick, of the Massachusetts General Hospital, Boston, that "com- 
plete or nearly complete splanchnic resection in man should result in a 
characteristic change in blood pressure in every patient with hyperten- 
sion If the splanchnic bed is well denervated, the blood pressure level 

should fall as the patient changes from the lying to the sitting and stand- 
ing positions,” 

Technic. Originally, Smithwick divided the communicating rami of 
the tenth, eleventh, and twelfth dorsal segments, removing the sjunpa- 
thetic trunk from above the tenth dorsal to below the twelfth dorsal seg- 
ment, excising as much of the great splanchnic nerve as could be reached 
through an eleventh rib exposure. The procedure was bilateral. The 
second step consisted of two stages, removing the upper three lumbar 
ganglia by a subdiapliragmatic extrapcritoneal approach, first on one 
side, then on the other. Although this sometimes reduced the blood 
pressure satisfactorily, upon certain patients there was no noticeable 
effect. The procedure was then altered so that all anatomical pathways 
to the splanchnic bed could be reached: 

Through a hockey-stick incision, the twelfth rib is resected. The • 
upper portion of the incision is vertical, about 2 inches lateral to the mid- 
line, running up over the inner end of the eleventh rib, with the lower 
portion curving laterally, i inch below, and parallel to, the twelfth rib. 
The sheaf of the sacrospinalis muscle is opened vertically to below the 
twelfth rib, and dissection is then carried laterally following the skin 
incision through the deeper structures below and beyond the tip of the 
rib. The twelfth rib is removed from the transverse process to the lateral 
border of the sacrospinalis sheath. The twelfth intercostal artery, vein, 
and nerve are resected over a similar area. The diaphragm is divided 
from its lateral border to the spine, 1 inch below, and parallel to, the 
pleural reflection. The pleura is then separated from the thoracic cage 
up to the mid-dorsal region. At this point it is possible and desirable to 
explore the kidney and adrenal, thereafter exposing the desired portion 
of the splanchnic nerve supply, which is then removed. 

Usually the great splanchnic nerve is removed from its insertion in the 
celiac plexus upward to the midthoracic level. The celiac ganglion is not 
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disturbed, but care is taken to divide all branches running from the great 
splanchnic nerve to the aorta above the diaphragm. Interruption of the 
communicating rami of the ninth, tenth, eleventh, and twelfth dorsal 
and the first lumbar segments, together with excision of the sympathetic 
trunk over this area, was found to be the minimum procedure to produce 
a satisfactory reduction in blood pressure. 

Subtotal and Total Paravertebral Sympathectomy. The technic of 
these procedures was reported by Grimson in 1941 . It consists of a trans- 
thoracic and, at times, transabdominal, removal of the stellate ganglia, 
both thoracic chains, the celiac ganglia, and frequently the first and 
second lumbar ganglia. From experimental evidence this operator be- 
lieves that all accessible sympathetic ganglia, including both celiac 
ganglia, should be removed in order to prevent restoration or regeneration 
of central vasomotor control. He remarks, “It is, unfortunately, not 
possible to determine accurately to what extent recover}' of visceral 
vasomotor control occurs.” 

Contrasting this procedure with extensive splanchnicectomy: The ad- 
vantages seem to be a more consistent lowering of the blood pressure, a 
slow, regular heart rate, a postural hypotension without tachycardia, and 
probably a decreased likelihood of sympathetic regeneration. The dis- 
advantages are a greater operative morbidity and mortality, a decreased 
vital capacity and, in some male patients, lowering of sexual potency, 
sometimes prolonged weakness and postural disability, and, in general, 
a far more stormy convalescence. 

Other Surgical Procedures. Other surgical procedures which have 
been reported as acting favorably upon renal hypertension are lower 
thoracic and upper lumbar anterior spinal nerve-root section; subdia- 
phragmatic splanchnicectomy, and celiac ganglionectomy. 

Clinical Results of Surgery for Hypertension. Attempts to relieve 
hypertension by means of surgery have now been carried out for a period 
of nearly a dozen years, so sufficient data have accumulated to permit, 
some evaluation of the clinical results. At Crile’s clinic in Cleveland, 
Ohio, and the Lahey Clinic in Boston, large series of patients have been 
operated upon and followed up for relatively long periods. In the latter 
part of 1942, Bartels, of the Lahey Clinic, made a report on 54 patients 
who had passed through their hands during the preceding decade, the 
first patient being operated upon in 1931. The first 13 patients were 
subjected to a supradiaphragmatic splanchnicectomy and ganglioramiscc- 
tomy, while the remaining 41— regarded as a more carefully selected 
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group — had a two-stage subdiaphragmatic or transdiaphragmatic resec- 
tion of the greater and less splanchnic nerves, with the removal of the 
twelfth thoracic and first and second lumbar ganglia. The adrenals and 
both kidneys were inspected at the same time, as recommended by Smith- 
wick. In some cases the left kidney was decapsdated and a nephro- 
omentopexy carried out (provided enough omentum was available). 
The purpose of this was to increase the circulation of the kidney. 

This series is sufficiently large to give some idea of what may be ex- 
pected under average conditions. Of the earliest 13 patients operated 
upon, 9 had died at the time of making the report, and of the remaining 4, 
all had blood pressures as high as before the operation. Of the more 
recent cases, wherein the patients were more carefully selected and aver- 
aged considerably younger than the first group, 3 out of 41 had died, 
and of the remaining 38, 13 had had and maintained a satisfactory drop 
in blood pressure, 11 had only a slight reduction, and 14 had no change 
whatever after operation. 

The impression gained is that age plays an important r6Ie in determin- 
ing the benefits to be derived from surgery. Few patients over 40 years 
of age witnessed any permanent improvement; yet symptomatic improve- 
ment took place in 71 per cent of the entire series. The patients felt better 
even when the blood pressure level remained as high as before. In gen- 
eral, about one-third of the patients obtained a satisfactory reduction in 
blood pressure; but the operation is, nevertheless, well worth doing, if 
only for temporary symptomatic relief. 

Postoperative Care Following Renal Surgery 
Postoperative Care. The patient must be transported from the operat- 
ing room to the bed as quickly and quietly as possible, without exposure 
to drafts. If the operation has been done under spinal anesthesia, his 
bead must be kept lowered for a period of from 6 to 8 hours. . - 
The immediate postoperative care is within the province of the nurse 
as a rule, and consists of careful observation of the breathing and pulse 
and frequent inspection of the dressings for evidence of chance hemor- 
rhage. Signs suggesting internal hemorrhage are steady increase in the 
pulse rate, pallor, a drawn look, air hunger, and restlessness. 

If much blood has been lost, whole blood transfusions should be given. 
Fluid should be administered as soon as possible without causing nau- 
sea. If the patient does not take fluids well, they may be administered 
in the form of normal salt solution and 5 per cent glucose intravenously. 
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saline solution by hypodermoclysis, or tap water in 250 cc. doses by rec- 
tum. The fluid intake should be at least 3,000 cc. for 24 hours, and the 
intake and output of fluids must be carefully measured and charted (see 
p. 1154). 

Nephrostomy and pyelostomy tubes must be inspected frequently to 
see that they drain freely and do not become kinked, and the drainage 
must be carefully charted. Irrigations are often given by the doctor, in 
order to keep the wound open and draining freely. 

Sedative medication is usually given for the first 2 or 3 days: morphine, 
0.01 Gm. eveiy 4 hours for 2 doses, then codeine, 0.06 Gm. every 4 hours 
for the next 48 hours or longer, as required to control pain and restless- 
ness. 

Hot, clear fluids are usually given the first postoperative day (unless 
there is nausea); hot fluids supplemented by milk, fruit juices, and 
gingerale the second day; a soft diet the third day, and a regular diet the 
sixth day. After the first week a special diet is usually unnecessary ex- 
cept in cases of renal tuberculosis with bladder involvement (see p. 1 193), 
and in stone cases, in which the high vitamin acid ash or alkaline ash diet 
for urinary stone is given, depending upon the composition of the stone 
(p. 1189). In nephropexy cases, a high caloric diet is advisable for 
underweight patients; otherwise the patient is given a regular diet 
supplemented by vitamin intake. 

Postoperative Complications. Hemorrhage is the chief danger fol- 
lowing renal surgery. The probability of postoperative hemorrhage 
following nephrectomy is rather remote if the pedicle has been properly 
ligated after clamping, but at times even the most competent surgeon 
may not be able to avoid this complication. Formerly, when our kidney 
incisions were repaired by means of mattress sutures, secondary hemor- 
rhage frequently occurred, due to the plug of resulting necrotic tissue 
separating and exposing sizable vessels. Our newer method of closing 
kidney wounds, with fat fixed in place by ribbon gut, has reduced the 
incidence of hemorrhage following nephrotomy and heminephrectomy to 
a minimum. Hemorrhage may occur several days after operation, and 
these remote hemorrhages are most serious. A careful watch must, there- 
fore, be kept for signs of such an occurrence even when all danger appears 
to be past. Hemorrhage will be manifested by (1) symptoms of shock, 
such as pallor, a steady increase in the pulse rate, a drop in blood pressure, 
air hunger, and restlessness, and (2) the appearance of bright red blood 
on the dressing, which must be frequently inspected. 
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Embolism is less common following renal surgery than after pelvic 
surgery, but occurs with sufficient frequency to be feared. It manifests 
itself by disturbed respiration, increased pulse rate, unconsciousness, 
cold clammy skin, and other evidences of extreme shock. 

Infarct of the kidney results from the sudden plugging of a small or 
large terminal artery in the renal cortex. It is accompanied by pain and 
hematuria. 

Pneumothorax, due to puncture of the pleura in extensive renal surgery, 
may cause great distress It is relieved almost instantly by withdrawing 
the air from the pleura by means of a syringe and a needle fitted with a 
two-way stop-cock. 

Vomiting rarely occurs when spinal anesthesia is used. It may be due 
to other factors than anesthesia, however. When it is troublesome and 
persistent, the stomach should be lavaged with a 2 per cent solution of 
sodium bicarbonate, and chloretone in 3-grain doses administered. Fol- 
lowing gastric lavage it may be advisable to employ the Wangensteen 
suction or the Miller-Abbott suction tube in order to remove gas and fluid 
from the gastrointestinal tract and prevent obstruction. 

Hiccough is often a manifestation of approaching uremia, and may 
be very persistent. Gastric lavage with weak sodium carbonate solution 
will usually relieve the condition. When it is very obstinate, inhalations 
of carbon dioxide and oxygen will frequently be helpful. 

Postoperative Follow-up. All patients who have had surgery of the 
kidney should be required to report for follow-up examination and such 
treatment as may be necessary. In certain conditions, such as tubercu- 
losis and stone, the surgeon’s work has only just begun when he allows 
the patient to leave the hospital. 

B. Non-Operative Treatment of the Kidney 

Slost of the non-operative methods of treating pathological conditions 
of the kidney have been considered elsewhere in this book. The reader 
is referred to the following sections: Chemotherapy (p. 1162), Urinary 
Antiseptics (p. 1177), Diet (p. 1187), Treatment of Inoperable and Post- 
operative Urogenital Tuberculosis (p. 1196), and Radium and Roentgen 
Therapy of Tumors of the Kidney and Ureter (p. 1 758). 

Ureteral Catheterization and Lavage of the Renal Pelvis 

Ureteral catheterization and pelvic lavage is indicated in the treatment 
of many subacute and chronic renal infections. If, however, the pvelo- 
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nephritis is of long standing, so that destruction of the renal parenchyma 
has already taken place, lavage of the pelvis will be of little value. As a 
preparation for operation for hydronephrosis, or the removal of stone 
from a kidney known to be infected, pelvic irrigation is of service in 
rendering the field more aseptic. 

The beneficial effects are probably due more to the opening up of the 
ureter by the passage of the catheter than to the direct action of the 
antiseptic solution employed, although the latter is likely to receive the 
credit. 

Renal pelvic lavage is, of course, a cystoscopic procedure unless an 
indwelling catheter or nephrostomy tube is being used. The eye of the 
catheter should be passed completely to the pelvis, if possible. A 
syringe of 20-cc. capacity is suitable for pelvic lavage. From 5 to 10 cc. 
of the irrigating solution may be injected at a time, with intervals 
between each filling of the pelvis, to permit the fluid to escape. 

Suitable solutions for lavage of the renal pelvis are: silver nitrate, in 
strengths varying from 1 : 1 ,000 to 1 : 5,000; acriflavine, 1 : 2,000; rivanol 
dextrose, 1:2,000; phosphoric acid, 1:1,500, and aluminum acetate, 0.25 
per cent. Various citrate solutions are used for dissolvable stones (see 
p. 1617). 

Indwelling Ureteral Catheterization 

The indwelling ureteral catheter is a valuable aid in the treatment of 
hydronephrosis, renal infections, and stone. A patient whose condition 
at first makes any operation impossible may sometimes be tided over 
until he can be built up physically and become a relatively good opera- 
tive risk. 

An excellent example of the type of lesion that is frequently benefited 
by this mode of treatment is the pyelonephritis of pregnancy. Urolo- 
gists are unanimous as to the value of indwelling ureteral catheterization 
in the treatment of this common condition, but there is considerate 
disagreement regarding the size of the catheters to be used. The ureters 
being dilated during pregnancy, two rather large catheters (No. 8 or 9 F.) 
should be inserted through the cystoscopc and left in place, being fixed 
to the patient’s thighs with adhesive tape. This permits proper drain- 
age from the affected kidneys and relieves the toxicity and discomfort 
accompanying pregnancy pyelonephritis. 

The indwelling ureteral catheter is also a most valuable adjunct in the 
treatment of the pyelitis of infancy and childhood. 
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Indwelling ureteral catheters are usually removed within a short 
period (less than 24 hours) or else they are left in place for at least 4 or 5 
days. If they are removed sooner, the edema which always follows the 
traumatization of catheterization may block up the ureteropelvic outlet 
tighter than before, and cause considerable difficulty, not the least of 
which would be the reinsertion of the catheters. However, the larger 
catheters should not be allowed to remain in position too long, because 
there is always danger of the formation of encrustations if the urine is 
not kept acid, as well as danger of pressure necrosis, as was proved by 
E. Clay Shaw in his experiments on dogs. 

The catheters should be frequently observed to see that they are 
draining satisfactorily. Should they show a tendency to become blocked, 
irrigation with saline or one of the usual antiseptic solutions should 
immediately be instituted. 

Dilatation of the Ureter 

Dilatation of the ureter, with bougies and catheters, produces good 
drainage. In cases of hydronephrosis due to stricture of the ureter, 
dilatation should be done at frequent intervals until there is no evidence 
of back pressure. Ureteral catheters of increasing size, up to No. 9 or 
10 F., should be used, the renal pelvis being irrigated at the end of the 
dilatation period. If the hydronephrosis is not too extensive, the estab- 
lishment and maintenance of good drainage is frequently the only 
treatment required. 

In chronic or recurrent pyelonephritis, in both children and adults, 
search should always be made for stricture or other factors causing ob- 
struction of the ureter, since permanent cure of the renal infection is 
impossible so long as there is obstruction to the urinary outflow. Stric- 
ture at the ureteropelvic junction usually requires surgical intervention, 
but stricture elsewhere in the duct is amenable to dilatation as a rule. 

Small, non-impacted calculi, obstructing the urinary outflow, can be 
made to pass by dilatation of the ureter below the obstructing mass in 
the majority of instances. 

Forcing of Fluids 

In addition to the establishment of free drainage, every effort should 
be made to irrigate infected kidneys by the forcing of fluids. When 
fluids are being forced, the blood findings should be frequently checked 
and the urinary output carefully estimated (Forcing of Fluids, Chart- 
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ing Fluid Intake and Output, p. 1154). The forcing of fluids is un- 
wise with patients who have any form of heart disease; but, barring 
cardiac complications, there is practically no limit to the amount of fluid 
which may be taken with benefit to the renal condition. 

Bacteriophage in the Treatment of Urinary Infections 

The existence, in the animal body infected with disease-producing 
bacteria, of an antagonistic living property which, under favorable 
conditions, can bring about lysis of the causal organisms was first made 
known by Twort and d’Herelle (working independently) in 1915 and 
1916. To this disintegration of bacteria by filter-passing lysins, which 
multiply as they destroy the bacterial host, d’Herelle applied the term 
hacteriophagy. 

Bacteriophage therapy has been successful in a fair percentage of uri- 
nary-tract infections. The introduction of sulfanilamide, however, has 
materially lessened its usage in urology. 

As pointed out by Wehrbein, the bacteriophage, to be effective, must 
be brought in massive direct contact with the infecting organisms; 
therefore, this form of therapy is likely to be successful only in relatively 
superficial infections, such as cystitis and pyelitis. In renal abscesses 
and infections of the prostate or seminal vesicles, cure cannot be expected 
unless the suspension can be injected directly into the site of inflamma- 
tion. It may be administered subcutaneously or intravenously, but, 
thus given, the response is much slower and the results not nearly so 
favorable as in direct bacteriophage therapy. 

The most important step in bacteriophage therapy is the preparation 
of the “phage.” It is absolutely necessary to obtain a pure culture. 
The strain of infecting organism must be determined, and a bacteriophage 
with a specific and highly potent lytic action for the respective strain 
must be prepared. The bacteriophage should be capable of causing 
permanent lysis of all the causal organisms within 24 to 4S hours, A 
bacteriophage of low potency is not only temporary in its beneficial effects 
but eventually results in a secondary culture of bacteriophage-resistant 
organisms, thus doing more harm than good. 

The most common source of bacteriophage for the colon bacillus and 
allied groups is sewer water and the stools of patients having chronic 
colitis. The best source of “phage” for coccal infections is the pus 
from carbuncles or furuncles, or cases of chronic osteomyelitis or peri- 
tonitis. 
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For the preparation of “phage,” the reader is referred to the excellent 
article on Bacteriophage in the Treatment oj Urinary Infections , by H. L. 
Wehrbein, with an appendix on the Technique of Phage Preparation, 
by Louis Nerb, in the American Journal of Surgery, July, 1935. 

The bacteriophage may be administered in a number of ways. It may 
be given orally, or injected intravenously or subcutaneously. In em- 
ploying the bacteriophage in the urinary tract, the solution is commonly 
injected directly into the renal pelvis or bladder. 

The proliferation of bacteriophage is facilitated in an alkaline medium. 

Wehrbein’s experience with the technic of bacteriophage administra- 
tion led him to emphasize the following points: 

1. The bacteriophage must be absolutely and quickly effective before 
it is used. It should lyse a billion microorganisms per cubic centimeter 
in 3 to 5 hours. Prolonged incubation should show no second growth. 

2. The bacteriophage should be placed in as large a quantity and in as 
concentrated a form as possible in the infected area. If the kidney 
pelvis is infected, the pelvis should be actually filled with the “phage” 
solution, using a large catheter. If the bladder only is infected, at least 
50 cc. should be placed in the empty bladder. All antiseptics must be 
avoided. 

3. If the first application of the bacteriophage is unsuccessful, it is 
useless to repeat. 

The most striking results with bacteriophage have been achieved in 
acute urinary infections due to the colon bacillus. The securing of a 
sufficiently potent bacteriophage for these organisms is relatively easy. 
An effective bacteriophage, brought in direct contact with the causal 
organisms, is likely to be rapidly successful in these cases. The chron- 
ically infected case is a much more difficult problem, due to the difficulty 
of preparing efficient bacteriophages. The existence of a symbiosis 
between the infecting organism and a weak bacteriophage prevents satis- 
factory response to treatment in these cases. Mixed infections are 
common, and the process of securing the bacteriophage is complicated 
by the necessity of providing lysins for a number of different organisms. 
In coccal urinary infections the results with bacteriophage have not, on 
the whole, been very’ successful. 
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CHAPTER XXXIX 


RADIUM AND ROENTGEN-RAY THERAPY OF THE GENITO- 
URINARY TRACT 

Introduction 

Although radiation has been at the disposal of therapists for more 
than three decades, there is little unanimity regarding its usefulness or 
the best methods of applying it. The rapidly growing literature is 
decidedly controversial. Recognized authorities hold completely oppos- 
ing views upon the management of the various clinical manifestations of 
cancer. This perplexity is chiefly due to (1) our incomplete under- 
standing of cancer and (2) our uncertain knowledge of the action of 
x-rays and radium. 

In urology, radiation has a wide application, particularly in the treat- 
ment of malignant tumors of the bladder, prostate, and testicle. Every 
urologist should therefore be familiar with the relation and similarities 
of the rays produced by x-ray and radium, the manner of distribution and 
measurement of radiant energy, and the terminology of radiation ther- 
apy. Most important of all is the ability to judge, from clinical and mi- 
croscopic study, the particular forms of cancer in which radiation is 
desirable or imperative. This involves an appreciation of its limitations 
and contraindications quite as much as a knowledge of how to Use it to 
the greatest advantage. On these points there are at present wide 
differences of opinion, creating a situation that is highly confusing to the 
general practitioner and the specialist alike. 

Discovery of the Roentgen Rays and Radium. In 1895 Konrad 
Roentgen discovered that by arresting the particles in the discharge 
produced by passing an electric current through a vacuum tube, a light 
ray, invisible to the eye yet capable of passing through most opaque 
objects, could be produced. This discovery — now known as the x-ray 
or roentgen ray — incited many other scientists to search for substances 
which, under suitable conditions, would produce similar rays. These 
researches eventually led to the demonstration of the principle of radio- 
activity, which was proved to be an attribute of the element uranium and 
all its compounds. In experimenting with uranium, Professor and 
1724 
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Madame Curie discovered and isolated radium. It was not until 1903, 
however, that Rutherford and Soddy advanced the theory of atomic 
disintegration, the confirmation of which made possible the modern 
therapeutic employment of radium. 

Atomic Disintegration. Radioactivity is induced by disintegration 
of the atoms of which the radioactive substance is composed, but what 
causes this disintegration science cannot explain. The disintegration 
can be neither arrested nor controlled, but goes steadily forward, affecting 
certain atoms when they reach a certain stage of development. In any 
given quantity of radioactive material a definite proportion of its atoms 
arc always breaking up, emitting radioactivity as they do so. Thus, 
spontaneous liberation of energy is constantly going on, and it is prob- 
able that this process is infinitely wider than science has even dreamed. 

Types of Rays. Three types of rays emitted by radioactive material 
have been identified. These have been designated as alpha, beta, and 
gamma rays. 

Alpha rays are positively charged helium atoms, having a velocity 
about one-tenth that of light. Though their ionizing power is great, 
their powers of penetration are weak — so frail a substance as a sheet 
of paper serving to divert them. 

Bela rays are tiny particles of negative electricity, usually designated 
as electrons. They are closely allied to the cathode rays from which 
Roentgen derived the x-rays, and were first observed by Giessel in 1899. 
Lighter than alpha particles, the beta rays vary in their penetrating 
power, as well as in their velocity. "When they travel at approximately 
the speed of light, they possess considerable penetrating power, but can 
be diverted by the intervention of certain metallic substances, such as. 
gold, silver, and platinum. 

Gamma rays are not atomic particles, but high-frequency vibrations 
in the ether, closely analogous to x-rays. Like light and all other forms 
of radiation, the gamma rays are electromagnetic disturbances of the 
ether, having a periodic variation in time and space. 

Wave-length depends upon the rapidity with which these vibrations 
follow one another. When the succession is very rapid, the wave is 
short-, if the vibrations are slower in recurring, the wave-length is desig- 
nated as long. There are, of course, an infinite number of intervening 
gradations, but in therapeutic and mechanical employment these fine 
distinctions are disregarded. 

It is the gamma ray that is utilized in medicine. The alpha rays are 
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never employed and the beta rays only occasionally. The penetrative 
powers of the gamma ray are greater than those of the alpha and beta 
rays. These powers depend upon the wave-length , which is very short — 
even shorter than that of the x-ray which is used in therapy. Whether 
the difference in clinical effects produced by gamma rays and x-rays is 
due only to the difference in wave-lengths, penetration, and absorption, 
or whether there is a difference in the biological effects, has not been 
established. Gamma radiation is especially penetrating through sub- 
stances that are opaque to light. This is important to remember when 
considering the medical applications of radioactivity. 

The chemical properties of radioactive materials, the time periods at 
which they undergo atomic changes, and their powers of emitting radia- 
tion differ greatly from one substance to another. The speed and degree 
of penetrative power possessed by the rays from a radioactive material 
depend upon the type of atoms which are ejecting the rays. Radium 
emits alpha jradiation alone, but as its products accumulate, its activity 
is developed. Though it continuously produces other forms of radio- 
activity, it is now possible to separate the radium itself from its products. 
Any given amount of radium will produce its emanation in the form of 
the gas radon at a given rate, irrespective of whether the radon be sepa- 
rated from its parent radium or not. 

Radon. Radon is an inert gas belonging to the argon order of gases. 
The heavy molecules of which it is composed are single atoms and are 
unable to combine with any others. Radon is produced commercially 
by dissolving radium salts in hydrochloric acid, sealing the container, 
and then pumping off, at stated intervals, the emanation which collects 
in the tube. It is this emanation — not the radium itself — which is of 
therapeutic value. When radium element is used medicinally, the salt 
is placed in a tube, in which radon collects, and it is from this emanation 
that the therapeutic gamma radiation is given off. 

The advantages of using a compressible gas instead of a heavy salt, 
when it must be fitted into containers used for application to all parts 
of the human body, are obvious. The chief drawback to the use of 
emanation alone, instead of allowing the element to produce the emana- 
tion in a tube placed directly at the site of the lesion to be treated, is that 
radon does not remain stable. As soon as the emanation reaches its 
maximum intensity (which takes about 2 hours), it begins to decline, 
losing one-half its radioactivity every 3.85 days. In the presence of the 
mother clement, the radon is continuously renewed, so that the activity 
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is practically constant; but a tube containing only the emanation will 
decline steadily in activity until finally it becomes wholly inert. This 
very drawback, however, has also certain advantages. Because the rate 
of decay is precisely known, it can be accurately measured to deliver a 
given amount of radiation during the time that its radioactivity steadily 
declines. 

Radium is enormously expensive, but the cost of its emanation, radon, 
amounts only to the expense of putting the radium into solution and with- 
drawing the gas into suitable containers, plus the cost of the containers 
themselves and the expense attendant upon merchandising. Radon 
may be shipped considerable distances from the place where the radium 
is held in solution, so that the same amount of radium which would be 
needed to treat a comparatively few patients, if it had to be placed in 
individual containers, can be made to work 24 hours a day producing gas 
to fill these individual containers. In this way hundreds may be treated 
instead of the few who could be served by the radium itself. 

Measurement of Radium and Its Emanation. In 1912 a tube of pure 
radium chloride, containing 21.99 mgm., which had been especially 
prepared by Madame Curie herself, was accepted as an international 
radium standard of measurement. The weight of quantities of radium 
put up for clinical purposes is generally expressed in grams and milli- 
grams. The gas radon is, therefore, derived from salts of known weight, 
and its quantity must bear a certain relation to the quantity of radium 
from which it was obtained. In 1910 the International Congress of 
Radiology decided upon a unit of measurement for radon which they 
termed a curie , in honor of radium’s discoverer. One curie is the amount 
of radon in equilibrium with X gm. of radium element. The sub-units, 
millicurie and tnicrocurie, respectively correspond to 1 mgm. and 1 one- 
thousandth part of a milligram of radium. In clinical practice the 
contents of a container of radon is usually measured in millicuries. 

The clinical use of radon is limited by the rate of decay of the gas. 
Thus, if a tube containing 100 millicuries of radon at its highest intensity 
is placed in contact with a malignant lesion and allowed to remain 1 day, 
its value will have decreased to 83.5 millicuries. If left for 2 days, the 
value will be only 69.7 millicuries; for 3 days, 58.2 millicuries; for 6 days, 
33.9 millicuries. At the close of the tenth day only 16.5 millicuries will 
remain in the container. In the interstitial method of application, which 
is that most used with radon, the decay rate is calculated and a small 
tube or seed is inserted and left permanently in the tissues to be treated, 
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for at the end of a given period it will entirely have lost its radioactive 
properties. 

Radium Containers. In using radium element, the therapist is some- 
what limited as to the type of container; but when radon is employed, 
it can be compressed into any shape of container the human mind can 
devise. As, except in rare instances, only the therapeutic gamma rays 
are employed, it is necessary that the containers be of a material which 
will effectively screen out the undesirable alpha and beta rays. The 
alpha rays are easily eliminated, but the far greater penetrative powers 
of the beta rays make them more difficult to control. Rubber and glass 
are frequently used, but they must be combined with some metal in order 
to be effective. It is customary to employ either gold or platinum for 
most of the work. A very thin sheet of either will effectively cut off the 
caustic beta rays and prevent burning of the tissues. 

Measurement of X-Ray Dosage. There are several ways of measur- 
ing x-ray dosage. Since 1928, when it was adopted by the International 
Congress of Radiology, at Stockholm, the ionization method has been 
the accepted standard. But the unit skin dose (U.S.D.), as determined 
by the pastille method, is still extensively used, so that the urologist 
should understand both methods. 

International “R" (oentgen) Unit. If air is subjected to an x-ray beam, 
it will become ionized— that is, the molecules of which it is composed 
will be split up into positively and negatively charged particles. If two 
bodies of opposing electrical sign are contained in air so affected, the 
charged particles which result from the splitting up of the molecules will 
display electrical attraction for the body of opposite sign to themselves. 
This will cdtjse a current to flow from one body to the other; but if the 
charge which split up the molecules is not strong, before they can reach 
the opposite body they will be re-attracted to their own sign and re- 
combined. Therefore, unless the charge affecting the two bodies is 
sufficient to offset such re-combination, there can be no continuous 
current. The fact that the current is established indicates that the two 
bodies are at a potential sufficient to prevent re-combination. Tins 
charge is designated as saturation voltage. 

The device for measurement is an enclosed chamber the two sides of 
which are oppositely charged. When the roentgen-ray is thrown upon 
the air imprisoried in this chamber, and held there under measured 
temperature and pressure, it is possible to measure the amount of current 
which ionization can produce in a given time in a known quantity of air. 
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This was designated by the Stockholm Congress as the international 
“r” unit, which is defined as “that quantity of radiation which, where 
the secondary electrons are fully utilized, and in the absence of wall effect 
in the ionization chamber, produces in 1 cc. of air at standard temperature 
and pressure a degree of ionization sufficient to permit the passage of one 
electrostatic unit of charge between points at saturation potential.” 

Unit SkUt Dose. After the acceptance of the standard “r” unit, it 
was generally employed for scientific purposes; but in the clinical prac- 
tice of x-ray diagnosis and therapy the formerly employed unit skin 
dose is still too useful to be abandoned. As it is a biological unit, it 
can never be entirely accurate, for it must be varied according to the 
nature of the skin of the person exposed to radiation, as well as appor- 
tioned to his age and systemic condition. However, the experienced 
radiologist who thinks in terms of the skin unit is unlikely to give his 
patient an overdose, and will have no difficulty in adjusting this bio- 
logical conception to the chemical and physical units. 

The unit skin dose, or erythema dose, will vary considerably with the 
individual opinion of the therapist as to what constitutes an “erythema.” 
This may be all the way from a faint reddening of the skin to the actual 
production of a first-degree burn. It will vary also with the part of the 
patient’s body which is exposed to the rays. For example, an erythema 
dose to the inside of the thigh would be much less than one to the back 
of the hand of the same person. The unit skin dose may, therefore, be 
defined as “that quantity of radiation which, when brought into contact 
with normal abdominal skin of a healthy adult, in a single exposure, 
lasting from one-half hour to a full hour, will produce a bright red ery- 
thema in from 6 to 21 days, followed by pigmentation and desquamation 
(Portmann).” 

Effects of Radiation. The factors deciding the success or failure of 
radiation treatment are the penetrative and absorptive powers of the 
rays and the response of the living cells. 

Devitalization of the neoplastic cells is the end sought when applying 
radiation. The exact mechanism by which the death of the cell takes 
place is unknown. The immediate effect of radiating such a cell appears, 
microscopically, as an alteration in the nucleus and certain changes in 
the protoplasm manifested by alterations in the shape and size of the 
cell. Clinically, the effect is evidenced by regression of the tumor mass. 

Though radiation is directed toward the neoplastic cells, its effect is 
also felt upon the blood vessels and connective tissue by which these 
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cells are supported. Such effects are edema, anemia, decreased resist- 
ance to infection, and, finally, necrosis and- sloughing. The ideal of 
radiation therapy is to devitalize the malignant cells while at the same 
time avoiding devitalization of the surrounding normal tissues, as well 
as the formation of dense fibrosis. 

Caustic irradiation destroys all tissue, both normal and neoplastic 
within the radius of its action. It is distributed by insufficiently filtered 
radioactive centers. Selective irradiation attempts to devitalize the 
neoplastic cells while respecting the normal supporting tissues. It is 
made possible by the screening out of caustic rays by means of filters of 
gold, platinum, or baser metals, and by the utilization of variations in 
radiosensitivity of different tissues. 

Radiosensitivity. If the radiosensitivity of a given tumor could be 
accurately predicted, the selection of the best treatment for the lesion 
in question — whether surgery or irradiation alone or in combination — 
would be relatively simple. However, although radiosensitivity has been 
intensively studied, this complex phenomenon remains unexplained. 
Our ideas of the sensitivity of tumors change as therapeutic methods 
improve, and certain tumors that formerly were regarded as radio- 
resistant are today termed radiosensitive. 

The radiosensitivity of a tumor depends upon two factors: (1) the 
histological structure of the tumor, (2) the histological characteristics 
of the blood vessels and connective tissue which support them. Thus, 
the radiosensitivity of any neoplasm depends upon its location quite as 
much as upon the biological structure of its cells. 

It was formerly believed that by cutting off the blood supply of a 
tumor it could be more readily eradicated— in other words, that it could 
be starved to death. If the surrounding blood supply were destroyed 
by radiation, it was thought, the tumor would become more radiosensi- 
tive. Clinical and experimental evidence have disproved this view. It 
has been demonstrated that when a tumor’s nutrition has been injured 
by radiation, but complete regression of the growth has not taken place, 
subsequent attempts to re-radiate the tumor will show' it to have become 
much more radioresistant than it originally was. For this reason it is 
important that all malignant cells be completely sterilized during the 
first course of radiotherapy. Even those tumors whose histological 
structure is very radiosensitive, if inadequately radiated will become 
increasingly resistant as their cells advance toward maturity and the 
extent of the growth increases. This increased radioresistance appears 
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to be due to alterations not only in the malignant cells but in the vascular 
and connective tissue framework. 

Methods of Applying Radiation. There are two general methods by 
which radiation may be applied: (1) from an external source, the radio- 
active agent being outside the body so that the radiant energy must 
pass through the skin or the body tissues; (2) from an internal source, 
the radioactive focus being introduced directly into the neoplasm. 

External irradiation permits the utilization of large portals of entry 
and makes possible the irradiating of neoplasms so located as to be in- 
accessible to internal irradiation. Its chief drawback is that it requires 
the application of high skin doses in order to effect sterilization of the 
deep-lying tumor cells, and there is always danger that normal neigh- 
boring organs or tissues may be injured by the passage of the rays through 
them. 

For external irradiation there must be employed either (1) x-ray or 
(2) telecurietherapy with radium. X-ray is superior when large radio- 
sensitive lesions are to be treated but high penetrative power is not 
essential. Telecurietherapy is best in moderate-sized lesions known to 
be so radioresistant that high penetrative power must be utilized. As 
the gamma rays of radium are more homogeneous, selective, and pos- 
sessed of higher penetrative power, telecurietherapy is the logical choice 
for radioresistant growths of fairly wide extent, or those subject to 
regional invasion. 

Irradiation of an internal tumor by external radiation requires most 
careful selection of portals of entry for the radiant energy and exact 
centering of the irradiation on the lesion. The extent of the surface to 
be irradiated depends, in general, on the size of the growth and the 
tendency of the tumor to regional invasion. Other factors that require 
careful consideration, and must be adapted to the particular lesion, are 
the filtration of the irradiating beam, the distance between the irradiation 
source and the lesion, and the voltage employed. These depend upon 
the location and depth of the tumor and the total amount of radiation 
to be given. 

Regarding the total duration of treatment, there is no standard practice. 
Some therapists apply all the estimated requirement of energy within 
1 or 2 days; others distribute smaller doses over a longer period — for 
example, Coutard’s method, by which small applications of x-ray are 
made at short intervals over a considerable period. 

Considerable success has attended the use of the Coutard method; but 
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against it may be argued the danger of never administering a single 
effective dose because the individual doses are all too small to bring about 
sterilization of the malignant cells. On the other hand, if too great a 
dose is applied at one time, or over a very brief period, the too intense 
reaction produced in the vascular and connective tissue may make further 
treatment of the tumor impossible. The manner of distribution of the 
total dosage is, in general, of greater importance than the actual amount 
of the total dosage. Increasing the total dose beyond certain limits 
reduces rather than increases the chance of sterilizing the tumor. The 
total dosage and its manner of distribution should always be adapted 
to the individual patient, and the course guided by careful clinical obser- 
vation of the effects of radiation upon the tumor, the adjacent tissues 
and organs, and the general condition of the patient. 

Surface irradiation by means of radium at a short distance is applicable 
to certain malignant lesions, such as cancer of the oral cavity or, in 
urology, epithelioma of the penis. It is accomplished by the use of 
radium containers, or molds, made of Columbia paste, dental compound, 
or vulcanite, shaped fof each individual lesion. It permits a homo- 
geneous irradiation that is impossible by other methods and permits 
irradiation over'a'long interval. Surface and interstitial irradiation are 
often combined. 

Interstitial irradiation is the method of choice for tumors of limited 
extent that are accessible to implantation, especially if the tumor is too 1 
radioresistant to be sterilized by external irradiation. It is also useful 
for delivering an intense local irradiation to the base of an accessible 
lesion that has received previous inadequate external irradiation. In- 
terstitial irradiation has certain definite advantages because it permits 
the delivery of an intense dose to a small area and because it produces 
no general reactions or injurious radiation effects upon extensive areas 
of normal tissues. 

Interstitial irradiation is effected by embedding radon needles in the 
lesion or implanting the tumor with radon seeds. 

Radon seeds are made up from fine capillary tubing of glass or gold, 
which is sealed off into very short lengths (over a Bunsen burner in the 
case of glass, or by pinching off with pliers if the tube is of gold). The 
gold seeds, sealed by clamping of the soft metal ends, sometimes leak 
at the joints, making dosage unreliable and running the risk of burning 
the tissues by the liberation of unscreened radon. The pinched end is 
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not smooth, and the seed, if left permanently in the tissue, is likely to 
prove a source of considerable irritation — obviously most undesirable 
in a cancerous area. Glass seeds, which cannot leak, are therefore to 
be preferred. Originally, unfiltered glass seeds were utilized, resulting 
in an intense caustic and necrotic effect upon both the normal and neo- 
plastic tissues. The introduction of the removable platinum-filtered 
glass seed by Joseph Muir, shortly followed by the gold-filtered radon 
seed devised by Failla and Quick, of the Memorial Hospital (New York), 
greatly facilitated radon implantation. The filtration provided by the 
metal cuts off the caustic radiation and eliminates, or greatly diminishes, 
sloughing. The threads attached to the removable seeds serve to indi- 
cate where the seeds have been placed, and, after implantation, may be 
cut off so short as to cause no inconvenience or danger of dislodgment. 
As soon as the desired amount of radiation has been delivered, the seeds 
can be withdrawn, so that no foreign body remains in the tissues. 

The platinum or gold-filtered seeds are thrust into the tissue by means 
of a special implanter. The glass radon seeds may also be placed in a 
platinum needle and this inserted in the tumor. 

Irradiation of the Genito-urinary Tract. Because the opinions of 
different urologists and radiotherapists, on the basis of their experience, 
still differ widely, it is impossible to give a comprehensive picture of the 
best practice at present obtaining in the treatment of malignant lesions 
of the genito-urinary organs. Each of the three available methods— 
surgery, irradiation, and a combination of surgery and irradiation— has 
its own particular value. Both x-ray and radium irradiation are widely 
used in the treatment of tumors of the urogenital tract. At present 
radon implantation is used extensively in the bladder for the treatment 
of both papilloma and malignant tumors. It is likewise employed for 
carcinoma of the prostate, usually after prostatectomy or transurethral 
resection, though sometimes without previous surgery. Roentgeno- 
therapy is being used increasingly for teratoma of the testis. For epi- 
thelioma of the penis and the less common lesions, such as cancer of the 
male and female urethras, radium and x-ray are both used, but much 
less often. 

In considering a combination of surgery and irradiation, it should be 
borne in mind that the purpose of preoperative irradiation is not the 
sterilization of the entire tumor, but, rather, (1) to reduce the dissemina- 
tion of malignant cells during operation by devitalizing the most radio- 
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sensitive cells preoperatively; (2) to secure information regarding the 
biological character of the tumor — marked regression during preoperative 
irradiation indicating that the lesion is radiosensitive. At times, mod- 
erate external irradiation of an apparently inoperable growth may cause 
sufficient regression to render the tumor operable. Preoperative irradia- 
tion is at present less widely used in urology than is postoperative ir- 
radiation. 

Postoperative irradiation is given either as an additional safeguard in 
cases in which the malignant growth has been apparently removed in 
its entirety, or as supplementary treatment in patients in whom operation 
was presumably inadequate. 

Carcinoma of the Penis 

In general, radiation has proved of little value in the management of 
malignant tumors of the penis. Host urologists at present prefer to 
treat all but very small, superficial epitheliomas by excision of both the 
primary lesion on the penis and palpable inguinal lymph nodes. The 
argument for radium, in the treatment of the primary malignant lesion, 
has been that it is just as effective and much less mutilating than am- 
putation. The first premise is now being questioned. Most tumors 
of the penis are relatively radioresistant squamous-cell carcinomas. 
Basal-cell carcinoma of the penis is very rare. For the control of all but 
the smallest tumors heavy dosage of radon is essential. This is produc- 
tive not only of great pain, which does not subside for several weeks even 
in the most favorable cases, but also of extensive fibrosis, which often 
contracts the penis to such a degree as to render it functionless. This, 
from the patient’s point of view at least, nullifies the chief reason for 
preferring radium treatment to surgery. 

Small growths that have not infiltrated the corpora nor metastasized, 
are sometimes treated by moderately penetrating and prolonged roentgen 
therapy or by the surface application of radium, utilizing a radium mold. 
Almost all therapists agree that when the cavernous structures are deeply 
infiltrated, surgical treatment, which usually consists of amputation, 
offers the better prognosis. 

Dean, at the Memorial Hospital (New York), believes that superficial 
tumors no larger than 2 cm. in diameter can be regularly cured by the 
application of a radium plaque at a distance of 1 cm.; but, if the growth 
has invaded the cavernous tissues, surgery is preferable. Amputation 
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1.5 cm. proximal to any visible or palpable involvement has been found 
sufficient to control the primary growth. Irradiation of metastasis to 
the inguinal nodes has not been successful. Therefore, when carcinoma- 
tous involvement of the nodes has been proved by biopsy, radical excision 
is done. 

Foulds and Stevens, of Toronto, destroy a small lesion of a low grade 
of malignancy by fulgu ration and implant radon seeds in the tumor’s 
base, or they sometimes apply a radon pack. Larger growths are ampu- 
tated, with or without dissection of the inguinal nodes. Sometimes the 
nodes are merely treated with roentgen radiation. Following total 
amputation, one or more fairly extensive postoperative courses of deep 
x-ray therapy to the gland-bearing area are regularly given. Although 
epidermoid carcinomas are usually not radiosensitive, the}' consider this 
procedure "a proper and useful one.” 

Graves, of Boston, employs surgical excision for removal of the primary' 
tumor, followed by high voltage x-ray therapy directed to the femoral, 
inguinal, and deep pelvic regions in all cases, whether or not the nodes 
have been surgically dissected. He does not recommend radiation for 
the primary malignant lesion 

In 1931 L. G. Lewis reported a series of 34 cases of carcinoma of the 
penis treated by radical operation; of these, 15 patients were living from 
18 months to 16 years after treatment, 8 had died, and 11 could not be 
traced. Of 62 patients treated by surgery alone at the Mayo Clinic 
between 1907 and 1932, 7 were well at the time of the report in 1934, of 
65 patients treated by a combination of surgery and irradiation, 17 were 
living; of 19 patients treated by irradiation alone, 3 were alive (Bowing, 
el of.). Of 12 patients with superficial epithelial lesions without metas- 
tases, treated at the Memorial Hospital by radium alone, 6 were living 
5 to 13 years (Dean, 1935). In a series of 37 cases reported on by Horn 
and Nesbit in 1934, 11 patients were treated by total amputation of the 
penis with transplantation of the urethra Into the perineum and irradia- 
tion of the inguinal nodes; of these, 6 were living from 4 to 8 years after 
treatment. 

We do not advocate the use of radiation alone in any form of penile 
cancer, whether large or small — preferring partial or complete amputa- 
tion in the more extensive lesions, with dissection of palpable inguinal 
nodes (Carcinoma of the Penis, p. 303; Surgical Treatment of Penile 



1736 


CLINICAL UROLOGY 


Carcinoma, p. 323). Unfortunately, many of the patients do present 
these more extensive lesions when first seen. Small, papillary lesions 
with little infiltration and without metastases may be destroyed by ful- 
guration and radon seeds implanted in the tumor’s base. 

Epithelioma op the Scrotum 

Epithelioma is practically the only form of malignant tumor seen on 
the scrotum (Epithelioma of the Scrotum, p. 420). Metastasis to the 
inguinal nodes is likely to occur early in the course of the tumor. 

In almost every case surgical removal is the treatment of choice, and 
can be carried out with safety and success in the majority. The scrotal 
growth should be excised with a wide margin of healthy tissue and the 
glands in both groins fully extirpated. The scrotal growth and the 
tissues of the groin may be removed en masse or through separate in- 
cisions. 

Because of the success of surgery in these cases, radiation is seldom 
utilized. Moreover, when employing radiation there is always danger 
of sterilizing the patient, as it is practically impossible to protect the 
testicle directly beneath the scrotal area to be irradiated. As epithelioma 
of the scrotum not infrequently occurs in young men, this is an important 
consideration. 


Tumors of the Testicle 

Most tumors of the testicle are teratomatous in type and are, therefore, 
highly malignant (Tumors of the Testicle, p. 451). As a rule, they 
metastasize early through lymphatics and veins, and metastases are 
present in a high percentage of cases when the patients present themselves 
for treatment. Metastases grow rapidly and spread widely. 

Four principal methods of treatment are available: (1) simple orchid- 
ectomy, (2) orchidectomy and irradiation, (3) radical operation, including 
removal of the regional and retroperitoneal lymph nodes, and irradi- 
ation, (4) irradiation alone. Simple orchidectomy is an entirely inade- 
quate therapeutic procedure in most cases. It is never curative when 
glandular or general metastases have occurred, and is indicated mainly 
for diagnosis. Wasterlain (1932) found that fewer than 6 per cent of the 
patients were alive4 years after simple orchidectomy, and Hinman (1933) 
found only 17 five-year cures in 258 cases so treated- 

The results of surgery by the radical operation have been considerably 
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better. In a series of 80 cases operated upon by American surgeons and 
collected by Hinman, 17 (21.2 per cent) were alive and symptomless 
after 5 years. However, because of the high malignancy and tendency 
to early metastasis of most testicular neoplasms, surgery alone has never 
proved very efficient in controlling them. 

During the past two decades a number of favorable reports on the use 
of radiation have appeared. As teratoid tumors of the testicle are rela- 
tively rare, it has taken some time to collect enough data to allow the 
average clinician to form an opinion of the remote results. Compara- 
tively few therapists use radiation before removing the primary tumor, 
and fewer still use radiation alone; but in most clinics deep x-ray therapy 
is employed after extirpation of the testicle. 

There may be great differences in the structure of testicular teratomas, 
with corresponding variation in their radiosensitivity. Those who 
utilize preoperative radiation do so chiefly for the purpose of gaining 
information regarding the radiosensitivity of a particular growth. Al- 
though the radiosensitivity of a tumor can be predicted to some degree 
by the quantitative determination of the hormone output in the urine, 
it can be definitely shown, they believe, only by a test of irradiation 
itself; therefore, the treatment of every testicular tumor should begin 
with irradiation. In those cases which do not respond satisfactorily, 
operation following irradiation is indicated, followed by an intensive 
postoperative course of irradiation of the lymphatic area. In those cases 
which respond satisfactorily to the irradiation test, further irradiation is 
Indicated; but whether surgery offers additional safety in such cases is 
still unanswered (Cutler and Buschke). 

At the Middlesex Hospital, London, the practice consists in the com- 
bination of orchidectomy and prophylactic irradiation (Gordon-Taylor, 
1938). “Nowadays,” this author states, “the pendulum has swung back 
from the extended operation to minor surgery and appropriate radiation, 
and the end-results justify the modern policy.” Orchidectomy and 
radiation, he claims, has proved very effective with seminomas, but has 
not brought about any noticeable improvement in the high mortality 
of teratomas. Even with seminomas the results are highly variable, 
because all growths are not equally radiosensitive. “Where massive 
metastatic deposits occur, a time comes when radiation becomes im- 
practicable, and recurrences no longer respond to this form of therapy.” 

At the Memorial Hospital (New York) irradiation is regarded as the 
best treatment for testicular tumors in all stages of the disease. The 
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practice there, as reported by Dean in 1939, is as follows: As soon as a 
teratoma has been diagnosed, irradiation is given to the primary tumor 
and the lymphatic pathway through which the disease usually spreads. 
Three exposures of 500 r each, on alternate days, are usually sufficient 
to effect destruction of the primary tumor and thorough irradiation of 
the cord. The epigastrium, pelvis, and abdomen on the same side as 
the diseased testis are also irradiated routinely, whether or not metastases 
can be found. Two anterior and two posterior portals usually cover these 
areas, and fractionated doses are given until each portal has received 
2,500 r. After irradiation, the primary tumor is measured every 2 or 3 
days. When the affected testicle has shrunk to approximately the size 
of its normal mate (which usually requires 4 to 6 weeks), orchidectomy 
is carefully performed If the tumor shows no regression, the testicle is 
removed earlier. Orchidectomy is performed after irradiation only for 
the purpose of saving the spennatogenic function of the healthy testis, 
since complete devitalization of the primary tumor by irradiation usually 
requires repeated cycles, and this, in spite of careful shielding, is likely 
to result in permanent loss of spermatogenesis. Metastases, when found, 
are treated by maximal doses of roentgen rays through numerous portals. 
The 200 kv. roentgen-ray unit is employed, with 30 ma. of current and 
filtration of 0.5 mm. of copper and 1 mm. of aluminum. Primary 
tumors are treated at 50 cm. distance; metastases at 70 cm. In a series 
of 170 patients with teratomas, 72 per cent of which had metastasized, 
the five-year end-results after irradiation showed 29 per cent living and 
free from disease. “On the basis of these results,” Dean states, “it 
seems reasonable to conclude that irradiation is the best treatment for 
testicular teratomas in all stages of the disease.” 

Hinman and Powell, in a recent publication (1938), express disapproval 
of preoperative irradiation because massive doses of x-rays to the primary 
tumor in the testicle before surgical removal largely destroy the informa- 
tion which can be obtained by the hormonal test and make it impossible 
to get good histological sections for microscopic study after orchidectomy. 
“Some cures by irradiation have been reported without orchidectomy — 
but also without histologic confirmation of the diagnosis.” They advo- 
cate massive doses of x-ray following orchidectomy, using every care to 
avoid injur}’ to the remaining testicle. If metastasis appears, or the 
hormone reappears in the urine, further irradiation of the same order is 
indicated, even though the consensus of opinion is that no treatment is 
likely to be of much avail under these circumstances. As metastases 
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usually appear in the primary and secondary lymph zones of the testicle, 
these areas should be intensively irradiated, provided that the secondary 
deposits have been histologically demonstrated to be radiosensitive. 

We feel that the radical operation followed by a thorough course of 
deep x-ray therapy offers the patient the best chance of cure when there 
are no demonstrable metastases and his general condition is good (Radi- 
cal Operation for Tumor of the Testicle, p. 498). In other cases, orchid- 
ectomy followed by deep x-ray therapy directed to the primary and 
glandular zones is indicated. 

Malignant Tumors of the Seminal Vesicle and Spermatic Cord 

Although the testicle and epidkfymis are not infrequently involved in 
a malignant process, the generative adnexa, with the exception of the 
prostate gland, very seldom develop any form of cancer. Because of 
tlxis rarity, very little has been published concerning the employment of 
radiation in these areas. 

Most neoplasms of the spermatic cord are benign, and can usually be 
enucleated without great difficulty or likelihood of recurrence. The 
majority of recorded malignant growths of the cord are sarcomatous in 
nature, and sarcoma seldom regresses satisfactorily under radiation. 

Fewer than 20 cases of primary carcinoma of the seminal vesicles have 
been reported, only a handful of which were definitely proved (Tumors 
of the Seminal Vesicle, p. 550). The seminal vesicles are quite frequently 
invaded by extension from a malignant growth in the prostate, however, 
in which event they partake in the treatment directed to the primary 
tumor. 

Our experience leads us to believe that all tumors of the seminal vesicle 
and spermatic cord should be excised whenever possible. Excision should 
be followed by postoperative irradiation with deep roentgen therapy, or, 
if the tumor bed is so situated as to lend itself to radon implantation, 
this form of .irradiation may be employed. Such measures would seem 
to be in order even with sarcomatous tumors, for radiation offers pallia- 
tion, even when a fatal outcome is inevitable. 

Malignant Tumors of the Female External Genitalia 

Neoplasms of the female external genitalia occur sufficiently often to 
be of considerable clinical importance (Malignant Tumors of the Vulva, 
p. 590); Malignant Tumors of the Vagina, p. 599). They are highly 
malignant, extend rapidly, and early involve the inguinal nodes — usually 
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on both sides. Recurrence after removal is common. Most authors 
consider malignant lesions of the vulva and urethra together, because in 
advanced cases it is often difficult to tell where the tumor originated. 
Similarly, vulvar and vaginal growths are not always readily separated 
in so far as the site of origin is concerned. 

Epitheliomas make up the bulk of these growths, whether found in 
the genital or urinary tract. The tumor may originate on the labium 
majorum or fnterlabial fold, the labium minorum, clitoris, in a bartho- 
linian gland or duct, or any other portion of the vulva, in the urethra, or 
in the vagina, particularly the posterior fornix. Extension to the ad- 
jacent lymphatics takes place early. 

Most vulvar and vaginal tumors are squamous-cell carcinomas. Aden- 
ocarcinoma occasionally occurs in the bartholinian glands and other 
glandular structures about the external genitalia. Sarcomas are very 
rare. A few cases of primary chorionepithelioma of the vagina have 
been reported, but usually such growths are secondary to chorionepithe- 
lioma of the uterus 

In general, epidermoid growths (such as the squamous-ceil variety) 
are not very radiosensitive. In practice, most therapists have found the 
treatment of vulvar tumors by radiation to be unsatisfactory, and have 
had their best results by radical surgery. The delicacy of the normal 
tissues of the vulva and their extreme sensitivity to radiation make it 
exceedingly difficult to irradiate the growth satisfactorily without pro- 
ducing serious necrosis of the normal tissues. Vulvectomy with complete 
bilateral inguinal dissection for the associated adenopathy is therefore 
the treatment of all operable carcinomas of the vulva. 

Taussig, reporting the results in 49 cases of vulvar cancer treated in 
the Barnard Free Skin and Cancer Hospital, St. Louis (1929), stated that 
radical surgery had given the most satisfactory results. Cutler and 
Buschke (1938) also expressed the belief that, in general, radical surgery 
is the most effective method of treating vulvar cancer, and that irradia- 
tion has its place only in inoperable cases or when the lesion is proved 
to be highly radiosensitive. In small groups of cases they have succeeded 
in curing very small tumors by means of radium ; but they emphasize that 
the procedure is hazardous and that there is a very narrow limit of safety 
between the minimum effective dose and the dose which results in radio- 
necrosis. 

Some surgeons, who used radium alone in their earlier work, have now 
substituted electrocautery excision followed by implantation of radon 
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in the base of the tumor, with x-raying of the entire region as a final 
precaution. A favorable report on this was made by the Swedish radium 
therapist, Heyman, in 1932. 

The most extensive recent series of irradiated cases of malignancy of 
the female external genitalia that has come to our attention is that of the 
Dutch gynecologist, D. den Hoed (1936). This therapist is of the opinion 
that the same measures are not applicable to both cancer of the urethra 
and malignancy of the vulva. Surgery is hazardous in the urethra, he 
believes, because total incontinence may so easily be induced by injury’ 
to the sphincter. The labia, however, may be removed with impunity, 
for they play no part in function. At the Netherlands Cancer Institute 
radium has not been found suited for use in the vulvar tissues Tumors 
of the vulva arc removed with the knife or diathermic needle, and roent- 
gen radiation is used both before and after vulvectomy, although not, 
usually, in any one patient. Radium is occasionally used for postopera- 
tive treatment. On the other hand, in the treatment of urethral cancer 
the tendency' is to depend upon radium alone for small tumors, and 
roentgen irradiation for extensive growths. As a rule, in most cancers 
of the female external genitals radiation alone has proved the best way 
to manage the metastatic lymph nodes. Of 57 women treated for vulvar 
cancer, 20 (35 per cent) lived longer than 5 years. 

Radiation of epithelioma of the vulva has been extensively practiced 
by Jean Cahen, of Brussels, who reported on his work in 1933. In his 
opinion, cancer of the vulva is not well suited for surgical excision. He 
thus differs radically from den Hoed and most others. The use of radium 
needles and of molds fitted to the shape of the affected part, in which 
tubes of radium or radon were embedded, was the usual first step. In 
the earlier work at this clinic vulvectomy was later performed; but when 
examination of the extirpated tissue regularly showed sterilization of all 
the malignant cells, they eventually abandoned surgical excision and 
depended solely upon radiation — regional gland metastasis being treated 
by x-ray or, sometimes, by the application of radium plaques. 

The consensus of opinion regarding the best method of treating vulvar 
cancer appears, therefore, to be as follows: Vulvectomy and bilateral 
inguinal dissection is to be preferred whenever this is possible. Whether 
Or not irradiation improves the surgical results is unanswered. 1/ surgical 
excision of the vulvar growth is impossible, removal of the external 
portion of the tumor with the diathermic needle, followed by the im- 
plantation of radon seeds at the base of the tumor and general x-raying 
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of the entire region is the next best course. For inoperable tumors and 
recurrences, radium and roentgen rays alone are used. 

When the growth is located in the vagina, the same general situation 
is encountered. Malignant lesions high up in the vagina carry with them 
the added hazard of vesicovaginal fistula, should extension take place 
toward the vesical wall. The prognosis is poor in most cases, so that the 
use of radium or roentgen rays is likely to be chiefly palliative. 

D. den Hoed reported on 31 patients with carcinoma of the vagina 
seen between 1915 and 1932, only 22 of whom had lesions that were 
“primary, treatable.” Of these, 7 (30 per cent) recovered and lived 
from 20 to 3 years after the treatment, which consisted of radium radia- 
tion, with additional x-ray radiation in some cases and, in others, elec- 
trocoagulation used as an adjuvant. 

Malignant Tumors of the Male Urethra 

Malignant growths of the male urethra are rare. This is fortunate, 
as the results of treatment, by any method, have been very unsatis- 
factory, particularly when the tumor has been located in the less acces- 
sible bulbous or membranous portion of the urethra (Malignant Tumors 
of the Male Urethra, p. 650). The diagnosis in these cases usually has 
been made only after the growth has become well advanced. Tumors 
in the cavernous urethra and fossa navicularis are likely to be discovered 
at an earlier stage and to be more amenable to treatment. In almost all 
the cases in which an apparent cure has been effected the growth was 
located in the distal portion of the urethra. 

Reports on the use of radium in these cases are very few. Herbst 
(1925) reported disappearance of a tumor following the use of radium 
after fulguration had failed. Bierberbach and Peters, on the other hand, 
found that the use of radium favored necrosis in the growth so that their 
patient’s end was hastened by toxic poisoning. In 1929 Watson, of the 
Buffalo Cancer Institute, reported on the use of radium in 2 cases. In 
one, that of a man of 35 years, a five-year cure was effected following a 
lengthy course of radium applications and intensive x-ray treatment. 
In the other, under radium applications and x-raying of the urethral area 
at irregular intervals the 71-year-old patient was enabled to remain in 
fairly good health for 5 years, and died at the age of 76 years from a 
cardiac collapse in no way directly connected with the urethral growth, 
although this was still in evidence at the time of his death. From this 
limited experience, taking into consideration the subsequent improve- 
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raent in both radium and x-ray methods, it is reasonable to conclude 
that radiation will control carcinoma of the male urethra and may even 
result in permanent regression of some tumors seen early. 

In advanced growths, partial or radical amputation of the penis, with 
extirpation of the inguinal lymph nodes and thorough x-ray irradiation 
of the inguinal regions and tumor site, appears to offer the best chance of 
satisfactory immediate results. In late cases, however, any treatment — • 
whether by surgery or radiation — is likely to he merely palliative. In 
cases seen earlier successful results have been reported from partial 
amputation of the penis (Boggon; Kretschmer), or resection of the malig- 
nant portion of the urethra (Braasch and Scholl; Lower). 

A useful method of treatment, in cases seen fairly early, is the applica- 
tion of radium element to the tumor through a rubber catheter until 
examination shows that the lesion has disappeared. The patient should 
return for check-up, and if there is recurrence, the application of radium 
element should again be instituted. 

Though preferring radical surgery in advanced cases, we feel that 
tumors confined to the anterior portion of the penile urethra, and appear- 
ing at the urethral meatus, can be treated by more conservative measures 
than amputation of the entire penile shaft. Electrocoagulation of the 
tumor mass, supplemented by the implantation of radon seeds in the 
base, has given satisfaction in a few instances where the lesion came early 
under treatment. Recurrences should be controlled by radium and 
roentgen therapy. 

Malignant Tumors of Cowper's Glands 

Because malignancy of Cowper's glands is apparently extremely rare 
(only 6 authenticated cases having been published), there is almost 
nothing in medical literature concerning the radiation treatment of this 
lesion. It would seem to us, however, that the best method of dealing 
with a tumor of these glands would be by as complete excision as possible 
by the perineal route, followed by the implantation of radon seeds and 
deep roentgen therapy (Carcinoma of Cowper’s Glands, p. 742). 

In the fifth authenticated case to be recorded (Uhle and Archer, 1935) 
excision of the neoplasm through the perineum was followed by the 
insertion of radium needles throughout a small portion of the tumor mass 
which could not be removed. These were removed on the seventh day 
after having delivered a total dosage of 806.4 mgm. hours of gamma 
radiation. A course of deep x-ray therapy was subsequently given — a 
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total of 1331 roentgen units being administered through each of 3 portals 
(right and left inguinal regions and the lumbosacral region) and a total 
of 800 roentgen units through each of 2 portals (lower thoracic and the 
entire lumbar spine). Apparently complete clinical regression was ob- 
tained, for one year after operation the patient was still well and had 
gained weight. 

In the most recently reported case (Gutierrez, 1937) it is recommended 
that as soon as histological examination of the specimen removed has 
proved the presence of a malignant growth, the operation should be 
followed by the implantation of radon seeds in the perineum and deep 
x-ray treatment. Gutierrez himself did not employ these measures, 
because his patient died of pulmonary complications 3 weeks after 
operation. 


Malignant Tumors of the Female Urethra 

During the last 15 years, radium has been employed with steadily 
increasing frequency in combating carcinoma of the female urethra. 
Some good results have been reported in cases observed early; but the 
high degree of malignancy of these tumors, the late stage at which many 
are seen, and the advanced age of the majority of the patients make the 
prognosis in most cases poor. 

In a very complete review of the literature (Sparks and Parsons, 1937) 
there are listed 119 cases of primary carcinoma of the female urethra, 
practically all of which were reported after radium had been introduced 
into medicine. Of the 40 patients treated by irradiation alone, 7 were 
living 3 years or more after treatment, and 5 were living 5 years or longer. 
Of the 21 women first operated upon and later treated with radium or 
deep x-ray, 7 lived more than 3 years and 5 more than 5 years. These 
results are conspicuously better than anything obtained by surgery used 
alone. 

Because of the rarity of this lesion, reports on large series of cases arc 
not to be had, so that the merits of any particular method of applying 
radiation cannot be adequately compared. Sparks and Parsons con- 
cluded from their study of current case reports that the best procedure 
is to destroy the primary tumor by radium, x-ray, or excision (in the 
order named) and remove the involved lymph nodes by surgery. Radon 
implants have been successfully used at the Memorial Hospital, in New 
York. The highest percentage of five-year cures were obtained in the 
Mayo Clinic series when radium and roentgen rays were used. 
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In 1923 Pomeroy treated a woman suffering from urethral carcinoma 
with surface applications of screened radium element, with an additional 
short irradiation by means of steel needles of relatively large radium 
content. This patient was alive and well 15 years later. Another, 
treated by surface applications of screened radium, followed 3 months 
later by limited cautery excision, was alive without recurrence 10 years 
after treatment. 

Den Hoed, of the Netherlands Cancer Institute, favors the use of radia- 
tion alone in primary tumors of the female urethra. In this clinic, sur- 
face applications of radium are used for small, circumscribed tumors 
of the female urethra, with occasional employment of needles if the 
growth has penetrated toward the bladder. Extensive growths are 
treated by roentgen rays. 

Auer (1935), reporting the results in 7 early cases, in 2 of which the 
patients lived more than 5 years, concludes that local irradiation to the 
primary lesion, with or without cautery excision, and dissection of the 
inguinal nodes is the treatment of choice in early and moderately ad- 
vanced cases. Watson (1936) has also reported good results with elec- 
trocoagulation or radium irradiation to the primary tumor, but treats 
the adenopathy by roentgen irradiation. 

The preferred treatment, it seems to us, is as complete excision of the 
primary^ tumor as possible followed by implantation of radon seeds in 
the base. If the inguinal lymph nodes are involved, they should be 
surgically removed and deep x-ray applied postoperatively r . Deep x-ray 
treatment should be given to the inguinal regions as a precautionary 
measure even if there is no evidence of their involvement. We prefer 
the implantation of radon seeds in the base of the tumor to surface 
applications of radium because this method causes less necrosis and dis- 
tributes the rays evenly throughout the growth. 

Radical removal of the urethra is usually done only as a last resort, 
since this necessitates transplanting the ureters. 

Radiation Treatment of Benign Hypertrophy of the Prostate 
Gland 

The idea that benign hypertrophy of the prostate might be reduced 
by suitable radiation early occurred to workers both in urology and 
radiotherapy, but it is only’ during the last decade or so that it has re- 
ceived serious consideration. There is a great diversity of opinion as 
to the effect of such treatment. 
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Relief of retention by the use of deep roentgen radiation has been 
reported by Schilier and Altschul (1930); Barringer and his co-workers 
at the Memorial Hospital (1934), who reported a distinct decrease and 
control of the edema of the prostate, with reduction or abolishment of 
the residual urine, in 30 per cent of their cases; and by K. Abel (1936), 
who gained subjective relief for 26 of the 35 patients he was able to follow 
up for an extended period. Henningsen (1936) and V. Blum (1936) 
found roentgen radiation valueless in reducing prostatic hypertrophy. 
The former, however, had great success with radium applied through 
the urethra. 

Burnam, of Johns Hopkins, in 1938 reported marked relief of retention 
and other symptoms associated with prostatic hypertrophy in 30 of 68 
patients treated with teleradium therapy. In some cases that were 
failures from the point of view of relief of retention there was definite 
reduction in the size of the gland. The dosage varied from 10 mgm. 
hours administered through the perineum to 60 mgm. hours introduced 
through 3 portals of entry. 

In administering roentgen therapy the usual practice is to employ a 
200 kv. machine, with filtration of 0.5 mm. of copper and 1 mm. of 
aluminum, at 50 cm. skin-target distance. The total dosage at each 
exposure varies from 200 to 300 roentgens. The treatments are given 
3 times a week until 1,000 to 1,500 roentgen units have been administered. 
If necessary, the treatment-cycle is repeated after an interval of about 
6 weeks. Some patients respond satisfactorily to little radiation, while 
others require more. 

In general, the effect of radiation is an alleviation of the associated 
edema and congestion, with relief of retention, reduction or abolishment 
of the residual urine, and improvement in functional renal tests. This 
improvement, from a single course of treatment, may be only for a few 
years. 

From a histological study of 12 cases, Moore (1939) found only minimal 
changes that might be attributed to roentgen irradiation: slight pcri- 
adnar fibrosis and a relative absence of lymphoid tissue and evidences 
of inflammation. 

The reports of various urologists and radiotherapists indicate that in 
the dosage at present administered (1,000 to 1,500 roentgens) x-ray 
therapy, while useful in certain cases of benign hypertrophy as a form of 
local treatment for the relief of retention and other symptoms, cannot 
be regarded as a substitute for resection or prostatectomy. However, 
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the benefits thus far achieved from the use of both roentgen and radium 
irradiation in selected cases would seem to warrant further experimenta- 
tion with these agents in the treatment of benign hypertrophy. 

Carcinoma of the Prostate Gland 
At the present time, the only hope for cure of prostatic carcinoma is 
early perineal total or subtotal prostatectomy, if the disease has not 
extended beyond the confines of the prostate and periprostatic tissues 
(Carcinoma of the Prostate, p. 857). Irradiation, though widely used, 
must still be considered a palliative measure. The difficulties involved 
in proper irradiation of the carcinomatous prostate have been and still 
are very great. The tumor is of a radioresistant glandular type, and 
the disease is almost always far advanced when discovered. 

Prostatic carcinomas differ fairly widely in malignancy. One type, 
the fibrotic tumor usually found in men over 65 years^df age and in 
prostates that have long been the sites of benign hypertrophy, runs a 
relatively benign course and is frequently discovered only upon removal 
of the prostate because of the benign hypertrophy. Patients may sur- 
vive with these tumors for years without treatment. Metastasis by 
direct extension occurs comparatively late or not at all. There is a 
smaller group of highly anaplastic tumors which are usually found in 
men of about 55 years and in prostates that have undergone little hyper- 
trophic change. These tumors metastasize early and widely to bones 
and other organs and run a rapid course. Between these two extremes 
are intermediary types of growths. Very little is known of the response 
of different cellular types of prostatic carcinoma to irradiation. 

Though complete surgical removal is admittedly the best treatment of 
prostatic carcinoma, unfortunately it can be applied to only a small per- 
centage of the cases. In other cases, in which there is obstruction to the 
outflow of urine, relief of obstruction by conservative perineal prostatec- 
tomy or transurethral resection of the lateral and median lobes, followed 
by irradiation, probably has most to offer the patient at present 
Although definite cures of prostatic carcinoma by irradiation have not 
been obtained, its value in prolonging life and alleviating discomfort is 
recognized by practically all therapists. Deep x-ray therapy is a valuable 
treatment for the relief of pain caused by metastasis to bones — relief 
being often obtained by small doses. External radiation therapy, in- 
terstitial irradiation applied by the perineal or the suprapubic route, and 
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local radium application through the open bladder, urethra, or rectum 
are all used in the treatment of prostatic carcinoma. 



in the resected area ) 

It is possible, by external irradiation, to reduce the size of the prostate 
and to relieve the obstructive symptoms in some patients whose tumors 
are beyond radical surgery. It is generally conceded, however, that 
external radiation by the 200 kv. machine is not enough to control 
the great majority of prostatic carcinomas. Even Coutard’s method. 
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which is widely regarded as the best at present available, and which 
gives 300 roentgens daily through 4 or 5 portals until each portal has 
received 1,500 to 1,800 roentgens, is not sufficient to check cancer of the 
prostate Therefore, deep x-ray therapy must be supplemented by inter- 
stitial irradiation if substantial regression is to be hoped for. Either 
radium needles or radon seeds may be used. 

Suprapubic implantation of radon seeds into the prostate is a compara- 
tively simple matter if one desires to reach the lateral and subtrigonal 
lobes; but the posterior lobe, which lies entirely below the bladder, 
presents a different problem. The posterior lobe is almost always in- 
volved in the growth, and suprapubic implantation must be supplemented 
by perineal treatment if the irradiation is to be adequate. 

The original method of inserting radium needles in the prostate through 
the perineum is still widely used. Although the posterior lobe, peri- 
prostatic tissue, and the perilymphatic invasion around the seminal 
vesicles can be thoroughly irradiated by this method, the ’‘blind” proce- 
dure has its limitations, since the needles cannot be accurately placed in 
the deeper portions of the gland. 

The present practice at the Memorial Hospital (Dean, 1939) is to 
insert two needles of about 50 millicuries each in the uppermost limits of 
the tumor, one on each side. Six hours later, when 600 millicurie hours 
have been delivered, each needle is withdrawn the distance of its radon- 
containing portion and left until another 600 millicurie hours has been 
given, thus thoroughly irradiating the posterior portion of the tumor. 
Gold seeds are deposited in the same way. With a needle in the upper 
limit of the tumor, a seed of about 1.5 millicuries is deposited, then the 
needle is withdrawn and another seed is deposited, and so on until one 
seminal vesicle and one side of the prostate are treated at a sitting. About 
2 weeks later, the other side is similarly treated. It is better, they feel, 
to give smaller doses at longer intervals even if several months are re- 
quired to treat the entire tumor. By this method, there has often been 
brought about considerable fibrosis in the tumor and diminution in its 
size without serious reactions. 

We feel that, whenever possible, exposing the prostate through a 
perineal incision and implanting radon seeds through its capsule is prefer- 
able, as the entire procedure can then be carried out under full vision. 
Therefore, in cases with obstruction we either do a conservative perineal 
prostatectomy and implant radon seeds, or a transurethral resection 
followed by implantation of seeds through a perineal incision. By 
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utilizing Kinvin’s measuring instrument and radon seed iniplanter (Figs. 
360 to 365) over-radiation can be avoided and the seeds accurately 
spaced. If open operation is out of the question, endoscopic implanta- 
tion of the prostate is quite feasible, for the operator’s finger in the 
rectum can guide the needle point of the implanter after it has been 
plunged through the skin of the perineum under local anesthesia. Even 
by this “blind” method the seeds can be spaced accurately and over- 
radiation avoided. 

Perineal exposure of the prostate and implantation of removable 
radium needles is preferred by Young, as well as by Chauvin, in cases 
that are not amenable to radical surgery'. 

Marked benefit from the use of high-voltage roentgen irradiation, in 
the relief of pain and obstructive symptoms, has lately been reported by 
Smith and Pierson, at the Massachusetts General Hospital, Mudd and 
Emery, and Widman, of the Philadelphia General Hospital. Widraan, 
reporting the results of irradiation in 82 cases of prostatic carcinoma, 
expresses the opinion that the recommendation of high-voltage irradia- 
tion for advanced carcinoma of the prostate is justified in every case in 
which the patient’s condition is sufficiently good to tolerate intensive 
treatment. This author believes cancer of the prostate to be essentially 
a radiologic problem, and that in selected early cases interstitial radiation 
with gold seeds or platinum needles should offer great possibilities of 
improving the end-results. 

Tumors of the Bladder 

Tumors of the bladder are considered on page 1037. Treatment of 
vesical neoplasm by any method — surgery, figuration, or irradiation — 
is at the present time unsatisfactory, due chiefly to the late diagnosis and 
the great tendencyof these tumors to recur following removal. 

Since vesical cancer remains localized within the organ for a consider- 
able time before metastasis occurs, surgical excision would seem to be 
the ideal method of treatment. However, a majority of bladder tumors 
are located in the trigone, or lower lateral or posterior walls, where their 
surgical removal would involve the sacrifice of one or both ureters or the 
urethra; therefore, excision is often impossible. Elsewhere we have 
stated that, in our opinion, surgically accessible malignant tumors should 
be radically excised, and that occasionally, in carefully selected cases, 
cystectomy with transplantation of the ureters is indicated. When 
surgical excision is not possible, we remove the nubennt auction of the 
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tumor by electrocoagulation (transurethrally or through the open blad- 
der) and implant radon seeds in the base with a special implanter designed 
by Kirwin. In company with most other urologists, wc have not found 
irradiation, used alone, satisfactory. 

Application of Radium. Use of Radon Seeds. The most effective 
irradiation of the bladder thus far has been given by implanted radon 
seeds. William Duane and R. B. Greenough ’of Boston, and B. S. Bar- 
ringer, of New York, were pioneers in the use of radon in the bladder and 
the bladder neck (1917-1919), and in the two decades that have since 
elapsed radon has been used more and more in the treatment of vesical 
malignancy. Removable radium needles and surface applications of 
radium also have been used, but have not proved as satisfactory as the 
seeds. 

Seeds may be implanted (1) transurethrally, through the cystoscope, 
or (2) suprapubically, through the open bladder. The papillary portion 
of the tumor is usually removed with the cautery or by simple figura- 
tion, exposing the base of the tumor for implantation with seeds. 

The use of removable platinum or gold-filtered glass radon seeds has 
greatly facilitated radium implantation in the bladder. The attached 
threads serve to indicate where the seeds have been placed, and are cut 
off before the seeds are inserted in the loading slot of the implanter, 
leaving only 1 cm. to project from the channel of insertion. As soon 
as the desired dosage has been given, the seeds can be withdrawn with 
the cystoscopic forceps. 

Methods of Implantation. Implantation through the cystoscope (closed 
method) is very satisfactory when the tumor is small (about 2 cm. 
in diameter), plainly visible, and readily accessible to thej cysto- 
scope. It is also preferable in patients whose poor systemic condition 
prohibits any type of open operation. The suprapubic approach Is prefer- 
able for large, poorly visualized, or multiple growths; for tumors situated 
near the urethral orifice and inaccessible to the cystoscope; when cystitis 
or hemorrhage renders cystoscopy difficult or impossible; for infiltrating 
tumors, even of small size, when the extent of submucous extension 
cannot be accurately gauged through the cystoscope. 

Kirwin Measuring Instrument and Radon Seed Implanter. With the 
assistance of Mr. F. C. Wappler, Kirwin has designed a measuring instru- 
ment to determine the dimensions of the tumor to be treated, and also an 
implanter, by means of which radon seeds may be introduced into bladder 
tumors, by either the endoscopic or open route, in less time and with 
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greater facility than has heretofore been possible These instruments, 
with the modifications making them adaptable to the special conditions 
of the individual case, are shown in figures 360 to 365. 

Combined Use oj Radium with Electrocoagulation or Surgery. We do 
not employ radiation alone in the treatment of bladder tumors, but 
regularly make use of combination methods. 

Until malignant degeneration sets in, fulguration is a specific treatment 
for papilloma; but when malignant changes occur, electrosurgery alone 



is not sufficient and must be supplemented by radiation therapy or the 
tumor must be radically excised. 

The treatment of bladder tumors by surgery and fulguration is de- 
scribed under Operative Treatment of the Bladder (pp. 1106 and 1146). 
These methods, it will be noted, are supplemented by irradiation. 

Jn the “damp method” used by us for the surgical removal of bladder 
tumors, radon seeds are inserted in the cut edges of the bladder wall 
before closure as a precautionary measure (Fig. 243). 

In the “loop-ball-disc” (open) method of handling large tumors not 
accessible to radical resection, the ball electrode is first applied to the 
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wall encircling the tumor, to seal off the vessels, the entire overgrowth 
removed with the loop electrode, and the disc electrode applied to the 
base of the tumor, leaving a smooth surface for the implantation of 
radon seeds. The seeds are implanted 2 cm. apart into the base and the 
wall of the bladder around the base with the Kirwin implanter (Fig. 268). 

In the transurethral (dosed) method, suitable for smaller tumors, the 
size of the growth is first ascertained by the Kirwin measuring instru- 


after figuration of the exuberant portion of the growth. (4) The appearance of the instru- 
ment after passage through the urethra. 

ment, and the correct amount of radon dosage estimated. The exu- 
berant portion of the tumor is then removed with the Kirwin resecto- 
scope, so that the base may be fully exposed for radon implantation. 
Application of the disc electrode will leave a clear surface ready to receive 
as many seeds as the measuring instrument has indicated to be necessary 
(Fig. 362). 

Roentgen Irradiation of Bladder Tumors. External roentgen irradia- 
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tion is used most often in conjunction with some other therapeutic 
method in the treatment of bladder tumors, or for palliation only in the 
treatment of patients with inoperable lesions. Because of the thickness 
of the tissues intervening between the source of irradiation and the 
tumor, it has not proved possible to deliver curative doses of deep x-ray 
to bladder tumors without seriously damaging the bladder, rectum, and 
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adjacent tissues. Recently, direct irradiation of vesical neoplasms has 
been tried, but it is too early to mention end-results. 

When deep x-ray therapy is used, it is usually in one of the following 
combinations: 

(1) Excision, followed by deep x-ray therapy. 

(2) Preliminary roentgen therapy, local extirpation, followed by deep 

roentgen therapy at a later date. 

(3) Preliminary roentgen therapy, followed by radon implants. 
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(4) High-voltage roentgen therapy with heavy filtration, with the 
addition of transurethral electrocauterization in certain cases 
where it is believed that some part of the tumor has not been 
rendered harmless by the preceding irradiation. 

The problem involved is how to deliver enough irradiation into the 
tumor area to sterilize the cancer cells (3,000 to 6,000 roentgens) without 
causing serious or permanent injury to the normal tissues. 
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tent of radon seeds ready for use. 

Pfahler has found that by giving treatment through as many portals 
as possible, which permits accurate cross-firing on the disease, and by 
delivering 200 to 250 roentgens daily, or 150 roentgens twice daily, 
less injury to the normal tissues will take place and better results will 
accrue. He has found pneumocystograms of great help in concentrating 
the rays directly upon the tumor and the surrounding tissue which may 
be involved in the malignant process. The treatment is checked from 
day to day and the indication, as offered by pneumocystography and 
cystoscopy, carefully followed. In general, hematuria ceases within 
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3 or ‘1 weeks and the tumors should disappear in from 3 months to a 
year, but no ride can be laid down. If from 20 to 25 treatments can 
be administered in a month’s time, this, he believes, will prove suf- 
ficient as a rule. 

The fractionated method of deep roentgen therapy is sometimes 
employed in combination with radium in the treatment of large, sloughy 
tumors. After a few months of treatment even very large tumors 



often greatly diminish in size and become amenable to treatment with 
radon implants. In our practice, however, diathermy has been found 
preferable to x-ray in cases of this type. 

In 1939, Fletcher Colby, of the Huntington Memorial Hospital, 
Boston, reported before the American Association of Genito-Urinary 
Surgeons on his experiences with supervoltage radiation in the treatment 
of bladder tumors. Only cases suited to surgery had been treated, and 
the general conclusions reached at that time were that the method, 
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Colby stated that bladder tumors treated by external radiation, con- 
stant potential, have responded better than have s imil ar growths when 
treated with lower voltage units. Well-marked regression was noted 
in about 50 per cent of the cases, pain, frequency, and bleeding being 
relieved in about the same percentage. He still felt doubtful, however, 
as to the actual curative value of this supervoltage treatment in vesical 
tumors. It is still in the experimental stage, and should not yet be 
regarded as a substitute for surgery, but only as an alternative when 
surgery is inadvisable or impossible. 

Precautions to Be Observed in Irradiating Bladder Tumors. All 
radiation treatment should be preceded by a careful study of the blood. 
Previous to undertaking treatment by any means, transfusion is now 
regularly employed as a precautionary measure in all cases of bladder 
tumor where hemorrhage has been severe. There is considerable risk in 
administering large doses of radium to an exsanguinated patient, as even 
under normal conditions a certain lowering of the hemoglobin content 
of the blood is inevitable. When x-ray is employed the dosage is frac- 
tionated and treatment given over a considerable period. This lessens 
the danger of inducing a profound anemia. 

Deep x-ray treatments must be properly spaced and the dosage 
graded according to the individual patient’s needs and power of re- 
sistance. The patient must be kept under strict surveillance and the 
results of treatment checked from day to day. 

Tumors of the Kidney and Ureter 

Tumors of the kidney may be divided as follows: 

(1) Tumors of the renal pelvis 

(2) Tumors of the renal parenchyma 

(a) Embryonal or teratoid tumors in children (Wilms’ tumor) 

(b) Tumors occurring in adults (usually after the fortieth year) 

Irradiation of Tumors of the Renal Pelvis and Ureter. Tumors 

of the renal pelvis are much less common than those of the parenchyma. 
Pelvic and ureteral tumors are chiefly papillomas, papillary carcinomas, 
and epidermoid carcinomas microscopically similar to those of the 
bladder, and are radioresistant. Since they spread early and metastasize 
to the regional lymph nodes and distant organs, and since the}' usually 
cause urinary obstruction and infection, prompt nephrectomy, with 
removal of the ureter and that section of the vesical wall containing the 
intramural portion of the ureter, is at present the only treatment offering 



a hopeful prognosis. The relatively rare squamous-cell carcinomas 
of the renal pelvis show little tendency to spread to the ureter and 
bladder, so that removal of the adjacent portion of the ureter with the 
kidney usually suffices. No five-year cure has been reported in a case 
of this type. The primary mortality of all pelvic and ureteral tumors 
is high, and the late mortality is even higher, since recurrence is very 
common. (Tumors of the Renal Pelvis: Treatment, p. 1552.) 

We know of no reports concerning irradiation of tumors of the renal 
pelvis or ureter. 

Irradiation of Wilms’ Tumors. The Wilms’ tumor is a mixed growth 
of embryonal origin. It is very malignant, grows rapidly, and metas- 
tasizes fairly early. The tendency to recurrence is very marked, Most 
renal tumors occurring in the first decade of life are of this type, but in 
adults the Wilms’ tumor is rarely encountered. The prognosis in most 
cases is very poor because of the highly malignant nature of the tumors 
and the fact that the lesion is usually well advanced by the time the 
diagnosis is made. The only hope of cure lies in early diagnosis. Thus 
far, the results of surgery alone have, with rare exceptions, been poor 
(Wilms’ Tumor: Prognosis and Treatment, p. 1559). 

In recent years, the treatment of Wilms’ tumor by deep roentgeno- 
therapy has received considerable study. Since such growths vary 
greatly in their structure, there is probably a corresponding variation 
in their radiosensilivity. Pronounced regression has followed irradiation 
in many cases, but local recurrence or metastasis is the almost invariable 
rule. No comprehensive studies of the end-results are as yet available; 
but experience with this relatively new method of treatment to date 
indicates that roentgenotherapy alone is not curative, but is a useful 
palliative measure in inoperable cases and in postoperative recurrences 
and metastases. Some tumors, considered inoperable, have been 
reduced sufficiently by irradiation to be rendered operable; but while 
the immediate operative mortality has been lowered by irradiation, 
the end-results have not been improved. Cutler and Buschke, in 1938, 
reported a case in which the child was alive and well 7 years after tele- 
curietherapy of an extensive inoperable Wilms’ tumor with metastases 
of the axillary lymph nodes, and Dean (1939) stated that he knew of 
3 ( patients apparently free of disease between 3 and 5 years alter ir- 
radiation. Thus far, these happier results have been exceedingly rare. 

Because surgery alone has practically no benefits to offer these patients 
at the advanced stage in which the majority of Wilms’ tumors arc 
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discovered, and because — clinically at least — most of these tumors are 
radiosensitive, Dean has recently recommended that a serious attempt 
be made to treat all such tumors with external irradiation therapy alone. 
Formerly he was of the opinion that all Wilms’ tumors confined to the 
kidney shoidd be irradiated and then removed, whereas U metastasis 
had occurred, irradiation alone should be used; but his experience has 
shown that “even after sufficient irradiation has been given to cause 
disappearance of the tumor and an apprently complete nephrectomy 
has been performed, local recurrences or metastases usually follow.’’ 

WTien roentgen irradiation of Wilms’ tumors was first utilized, a single 
massive dose, or several large doses in a short period of time, was the 
method employed. The later trend has been toward the fractional 
method, whereby smaller doses are given over a longer period. Bar- 
ringer is of the opinion that in Wilms’ tumors the regression following 
irradiation may be permanent if the roentgen therapy is given in a series 
of very small doses and continued over a long period of time. 

In many clinics, preoperative irradiation, nephrectomy, and post- 
operative roentgenotherapy is now the preferred plan of treatment. 
Sufficient time has not elapsed, however, for the determination of the 
superiority of this therapeutic plan over the older method of immediate 
nephrectomy, with or without postoperative irradiation. 

Irradiation of Parenchymal Tumors in Adults. The common paren- 
chymal tumor in adults is carcinoma. Sarcoma is infrequent and 
Wilms’ embryoma very rare. Three varieties of carcinoma are seen: 
(1) adenocarcinoma, (2) alveolar carcinoma, and (3) malignant papillary 
cystadenoma. Because their clinical behavior is fairly uniform, it 
is customary to consider all types of parenchymal carcinoma as a clinical 
entity (Tumors of the Renal Parenchyma in Adults p. 1562). 

Renal carcinoma is supposedly radioresistant. Actually, very few 
pathological studies have been made of tumors removed after irradiation, 
so that little is definitely known regarding the changes produced by 
irradiation in these growths. 

That malignant tumors of the kidney are not curable by deep x-ray 
therapy alone is the opinion of practically all urologists and radio- 
therapists at the present time. Most urologists feel that radiation 
alone should be reserved for cases of unquestionably inoperable tumor. 
Nephrectomy offers the only hope of cure in renal neoplasia, and should 
be done whenever (1) the tumor is confined to the kidney and there 
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are no definite signs of metastasis, (2) the general condition permits, 
and (3) there is no marked insufficiency of the other kidney. 

Regarding the value of preoperative and postoperative irradiation, 
there is a division of opinion. Some authors feel that preoperative 
irradiation has little value and merely delays surgery, sometimes per- 
mitting metastases to occur. Others who have tried it claim that it 
induces fibrotic changes in cortical tumors and facilitates their removal 
(Walters, Lewis, LeComte, Wharton, and others); that it helps to 
prevent the dissemination of tumor cells during nephrectomy, and 
retards metastases. 

Postoperative irradiation has found more general favor than pre- 
operative irradiation, and seems to be indicated in cases presenting 
extrarenal involvement and in those cases in which it has been impossible 
to remove the entire growth. However, if the tumor has been only 
partially removed, deep roentgen therapy may retard but will not 
prevent recurrence. 

We feel that whenever the tumor is presumably operable nephrectomy 
should be done at once, without irradiation. In large lesions, it is 
frequently very difficult or impossible to determine the operability of 
a tumor from the clinical and roentgenological findings. It is in these 
cases, many urologists and radiotherapists feel, that preoperative 
irradiation is justified in an attempt to reduce the si zc of the tumor 
and diminish the operative risk. As soon as sufficient regression has 
taken place to make the tumor presumably operable, nephrectomy 
should be done, as such regression is only temporary. 
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CHAPTER XL 

DRIED HUMAN BLOOD PLASMA THERAPY 

A decade and a half have passed since the idea of drying and storing 
human blood plasma was first made practical; but it was not until the 
outbreak of World War II that its immense therapeutic possibilities were 
fully realized. The first report published in this country seems to have 
been that of D. B. Kendrick, Jr., which appeared in The Military Surgeon 
for February, 1941. Since that time many accounts have appeared, not 
only in medical literature but in the lay press as well. Appeals to the 
general public to contribute blood for the production of plasma have 
greatly stimulated this interest, until the whole subject has received dis- 
cussion and analysis not often accorded to purely ipedical matters. 

Preparation and Packaging of Dried Plasma 

Blood plasma is the liquid portion of the blood prevented from clotting 
by an anticoagulant after removal of the cellular structures. It may be 
dried to a powder and reconstituted by the addition of distilled water 
after a period as long as five years. Plasma may be used without typing, 
which makes it instantly available. 

It is under emergency conditions — whether in peace or in war — that 
dried human blood plasma finds its greatest usefulness. At present, it is 
in combat areas — in the treatment of shock, hemorrhage, and bums — 
that its life-saving qualities are most dramatically being demonstrated. 
Under most conditions transfusion of plasma has shown itself to be equal 
in effectiveness to transfusion of whole blood of established compatibility, 
and under war conditions it is very often superior because of its ease of 
transportation and readiness for instant service in the most varied and 
trying circumstances. 

In this country, a satisfactory system of collection, preparation, and 
packaging for shipment has been carried out by the national government, 
although much of the experimental work has been done in private labora- 
tories. 

A standard package consists of a fiberboard box containing two rubber- 
diaphragm-capped bottles of 400 cc. capacity. One bottle contains dried 
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plasma which has been reduced from 250 cc. of original normal plasma, 
or 300 cc. of dtrated plasma, sealed under 29 inches of vacuum. The 
second bottle is filled with 300 cc. of distilled sterile water, sealed without 
vacuum. The bottle of dried plasma, together with the equipment for 
intravenous administration accompanying every plasma kit, is sealed 
in a tin can under 25 inches of vacuum. The bottle containing the dis- 
tilled water is sealed in a tin can filled with dry nitrogen. The complete 
outfit is packed in a form easily transported and made ready for use, and 
is supplied by leading pharmaceutical houses. 

An improved method of administering blood plasma is that proposed 
by Willcutts and Hicks, by which 6 or S patients can be treated from one 
bottle simply by closing a pinch damp and changing the needle between 
patients. A satisfactory apparatus consists of a 2,000 cc. Abbott in- 
travenous bottle with a removable bakelite dispensing cap with slotted 
blood strainer attached, bakelite blood filter, Murphy drip, screw pinch 
cock, needle, needle adapter, three short lengths of rubber tubing, and a 
rubber pressure bulb. The bulb is attached to the “in” nipple of the 
dispensing cap, replacing the air filter which usually is fastened here; 
when manipulated, it serves to create positive air pressure in the bottle, 
forcing the plasma through the small-bore needle at any desired rate of 
deliveiy. The venodysis tubing is fastened to the “out” nipple as in 
regular venodysis. The blood filter is inserted in the venodysis line 
above the Murphy drip. Administrations of plasma from one 2,000 cc. 
bottle can be given to as many as 6 or 8 patients merely by closing the 
pinch damp and changing the needle adapter and needle between patients. 
The removable cap makes cleaning of the unit easy. 

Advantages of Plasma over Whole Blood 

The practical advantages which the use of blood plasma has over that 
of whole blood have been well summarized by DeBakcy, speaking es- 
pedally of military practice: 

1. Whole blood transfusion requires a suitable donor, necessitating tests for com- 
patibility and freedom from disease. 

2. Under war conditions especially, suitable donors are seldom available for im- 
mediate use, and delay may be fa tal. 

3. Plasma may be prepared in advance, in large quantities, ready for instant use 
whenever needed. 

4. Preliminary typing and compatibility tests are unnecessary because isoagglu- 
tinins are partially suppressed by pooling and are further inhibited by the patient’s 
own blood. 
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5. Dried plasma can be transported anywhere without refrigeration, and is as 
easily prepared for use and administered as is the ordinary normal saline solution. 

Dangers of Plasma Administration 

In the enthusiasm over the great benefits derived from the use of dried 
blood plasma, and the success which has attended its employment under 
a wide variety of conditions, the fact that unpleasant, or even dangerous, 
after-effects are possible has been almost completely overlooked. .Re- 
cently, however, attention has been directed to this possibility, which, 
though remote, should always be taken into consideration. 

So far as we are aware, the first report of this kind was that made by 
Polayes and Squillace, in March, 1942. Transfusion of dried human 
plasma in their case caused a “near fatal reaction,” which was at first 
thought due to some fault in the preparation of the plasma. Later, 
however, they were able to cross-match the patient’s own blood with the 
plasma solution, with resulting agglutination of the red cells that con- 
stituted the strongest contraindication to its use. As it is customary for 
the directions which accompany plasma-administration outfits to state 
specifically that no preliminary cross-matching is necessary, this pre- 
caution had, of course, been omitted. 

A second case was more recently (January, 1943) reported by Com- 
mander Downs of the U. S. Naval Medical Corps. His patient was 
“doing poorly” after an emergency cholecystotomy and the case “was 
thought a proper one for the use of plasma.” The reaction set in no more 
than five minutes after plasma administration was begun, with cough, 
cyanosis, dyspnea, and acceleration of the pulse-rate. The plasma in- 
jection was not stopped, but the patient was given epinephrine hydro- 
chloride immediately and glucose solution when the injection was com- 
pleted. After about an hour all untoward symptoms entirely disap- 
peared. It is notable, however, that the patient was not in any way bene- 
fited by the plasma therapy, but responded to transfusions of whole blood 
which were given subsequently. 

Although such reactions are apparently rare, the fact that they have 
occurred makes it advisable to do cross-matching when conditions permit. 
As the conditions under which plasma is most often employed arc not 
likely to permit this precaution, the risk will usually have to be taken. 
Nevertheless, it should be avoided if possible. 
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paraurethral, 710, 711, 713 
perinephntic, 1455, 1480, 1497, 1510 


bladder, 1042, 1055 
arising in urachus, 1059 
kidney, 1564, 1760; 111. 1564 
prostate, 847; Til 848,849 
Skene’s gland, 769 
testicle, 454, 461 

Adenoma of odienal cortex, 1576 
bladder, 1045, 1060 
kidney, 1566 
urethra, male, 648 
Adenomyoma of vagina, 599 
vulva, 590 

Adherent clitoris, 577 
penis, 225, 230, 233 
prepuce. 225, 233 
Adrenal gland, adenoma of, 1576 
carcinoma of, 1576 
ganglioneuroma of, 1580 
hyperplasia of, 1576 
neuroblastoma of, 1579 


penis, 230, 615 
prostate, 800 
seminal vesicle, 526 
testicle, 376 
urethra, female, 751 
male, 615 
vagina, 577 

Accessory urethra, male, 626; III. 627 
exdsion of, 628, 696, ID. 694 
urinary meatus, 628 
Acetonuria, test for, 32 
Acid ash diet (see Diet) 

Actinomycosis of bladder, 1035 
kidney, 1525, 1631; 111. 1526 
etiology of, 1526 
treatment of, 1529 
ureter, 1249 

Adenocarcinoma of Bartholin’s gland, 590, 
1740 


Amputation of penis for carcinoma, 303, 
656, 657 

complete, 331; 111. 324-331 
partial, 332 


vus ueterens, aay; m. ooy 
uretero-intestinal, 1324 
Coffey’s technics of, 1 326, 1329 
Higgin’s technic of, 1330 
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Anastomosis, ureterointestinal, Hutchins’ 
technic of, 1334 

indications for, 1123, 1133, 1324 
Jewett’s method of, 1331 


Cowper’s gland, 734 
ejaculatory duct, 523, 524, 525 
epididymis, 370 
female external genitalia, 571 
kidney, 1350 
penis, 226 
prostate, 792 
scrotum, 365 
seminal vesicle, 524 
spermatic cord, 373 
testicle, 367 
ureter, 1210 
urethra, female, 749 
male, 226, 610 
vas deferens, 522 

Andrew’s “bottle” operation for hydrocele, 
512 

Anephrogenesis, 1362 

Anesthesia, caudal (see Anesthesia, sacral) 
for children, 100, 122, 197, 217, 318, 319 
circumcision, 319 

operations upon bladder, 218, 1102 
Cowper’s gland, 218, 743 
female external genitalia, 602 
kidney, 219, 1655 
perns, 217, 318,319 
prostate, 238, 878 

scrotum and scrotal contents, 218, 486 
seminal vesicle, 218, 560 
ureter, 219, 1302 
urethra, female, 217, 781 
male, 217, 672 
vas deferens, 218, 556 
urethral instrumentation, 72, 100, 113, 
122 

general inhalation, 190, 192, 318, 319 __ 
as supplement to regional anesthesia, 
192, 878 

in urology, discussion and summary of, 
190, 217 

intravenous, 215, 216, 217, 318 
local, for intraurethral procedures, 72, 101, 
113, 213 

local infiltration, 212, 318 
paravertebral, 20S 
rectal, with avertin, 197 
sacral and parasacral, 209, 879 
care of patient after, 212 
technic of, 210 

sedative medication preliminary to, 191 
segmental peridural, 206 
spinal, 199, 878 ^ 


Aneurysm of renal artery, 1412, 15S2: 111. 
1443 

diagnosis of, 1582 
treatment of, 1583 
Angioma of epididymis, 465 
penis, 293 
renal pelvis, 1546 
urethra, male, 649 

Angulation and kinks of ureter, 136, 151, 
154, 1219, 1222, 1223, 1224, 
1294, 1627; 111. 153 
etiology of, 1277 
treatment of, 1279 


epididymis, 384 

female external genitalia, 3S1, 576 
kidney, 145, 1361, I40S, III. 147-149 
operativ e treatment of, 16S9 
perns, 229 

prostate, $00 ^ ^ 


seminal vesicle, 526 
testicle, 376 
urachus. 961 
ureter, 145, 1233 

operative treatment of, 1225, 1302 
urethra, female, 751 
male, 102, 615 
vagina, 577 
vas deferens, 526 
Anorchidism, 376 
Antiperistalsis of ureter, 1228 
Amina, 7, 90S, 9S0, 1433 
due to sulfonamide therapy, 1171 
ureteral calculus, 1267, 1270 
hemoglobinuria, 7 
postoperative, 786 
Aplasia, renal, 1371 
Artenes of bladder, 955 
Cowper’s gland, 735 
epididymis, 370 
kidney, 2345, 1349, 1357 
anomalous, 1224, 1272, 1283, 1109. 

1374, 1381, 1382 
penis, 228, 356 
prostate, 796 
scrotum, 366 
seminal vesicle, 525 
testicle, 370 
ureter, 1212 
urethra, female, 750 
vas deferens, 524 
Arteriography, renal, 171 
Aschhcim-Zondek test (sec Hormonal test) 



Aspiration and injection of hydrocele, 471, 
511 

renal cyst, 1544, 1688 
spermatocele, 511 

Asymmetrical fused kidney (see Fused 
kidney) 

Atonic bladder, 998, 1087 
treatment of, 1088, 1160 
ureter, 136, 1228, 1291, 1412 
treatment of, 1293 
Atresia of hymen, 578, 600 
urethra, male, 616 
unnary meatus, 616 
vagina, 577, 581, 595, 5 98 
Atrophy of kidney, 1371, 1416, 1486, 1487 
testicle, 371, 379. 388, 409, 413, 434, 435, 
473, 475 

Autolysis of testicle, 410 
Automatic tidal drainage of bladder, 1160 
uses of, 1161 

Bacteriological tests of urine, 23, 41, 42, 120 
Bacteriophage therapy, 1718 
of bladder, 1195, 1718 
kidney, 1473, 1718 
prostate, 817, 937 
seminal vesicle, 546, 567 
Balanitis, 256, 710,711 
erosive and gangrenous, 259, 264 
treatment of, 261 
Balanoposthitis, 234, 256, 710, 711 
Ballottement, renal, 14 
Bartholin’s glands, 576, 765 
abscess of, 760, 761, 762 
adenocarcinoma of, 590, 1740 
cysts of, 589 
extirpation of, 603, 764 
Bas-fond of bladder, 835, 949 
Belt’s approach in perineal prostatectomy, 
898 


operative u raiment oi, izzj, Ijuc 
Bigelow lithotrite, 375, 1126 
Bilharziasis, etiology of, 1031 
of bladder, 118, 1030, 1050, 111. 1031 
treatment o!, 1034 
kidney, 1525 
prostate, 825 
ureter, 1248 
Bilobate scrotum, 375 
Bisection of kidney, 1684 
Bladder, 943, 9S6, 1102 
absence, congenital, of, 958 
actinomycosis of, 1035 
adenocarcinoma of, 1042, 1055 
arising in urachus, 1059 
adenoma of, 1045, 1060 
aerogram of, 174, 1056, 1084 
anatomy of, 946 

anesthesia for operations upon, 218, 1102 
anomalies, congenital, of, 957 


arteries of, 955 

atonic, 998, 1087, 1088, 1160 

attachments of, 946 

automatic tidal drainage of, 1160 

bacteriophage therapy of, 1195, 1718 

bas fond of, 835, 949 

bilharziasis uf, 118, 1030, 1034, 1050, 111. 
1031 

blood supply of, 955 
calculus (see Calculus) 
carcinoma of (see Carcinoma) 
cord, 10S6, 1087, 1088, 1135, 1160 
cystoscopic appearance of, in disease, 116 
inspection of, 115 
decompression, gradual, 883, 1159 
diet in treatment of, 1006, 1007, 1008 
1187, 1198 
diseases of, 994, 1092 
diverticulum of, (see Diverticulum) 
drainage, suprapubic, of, 1150, II], 1150 
1153 

duplication of, 958 
echinococcus infestation of, 1035 


operative treatment of, 1123, 1324 
fibroma of, 1047 

fistula of, 118, 994, 1076, Plate VII 
communicating with bowel, 1077 
uterus, 1079 

vagina, 581, 756, 991, 1076 
operative treatment of, 1128, 1324. 

III. 1130-1134 
foreign body in, 1 17, 1073 
removal of, 1075, 1124; 111 1074 
fulguration of (see Fulguration) 
follow -up after surgery of, 1157 
gangrene of, 999, 1008, 1010 
gonorrhea oh 761, 1022; 111. 1022, 1023 

S umma of, 1023, 1025, 1026 
emangioma of, 1018, 1093 
herniation of, 1061 
hour-glass, 959 


>37, 

leiomyoma of, 1047 

leukoplakia of, 116, 1019 1021, 1041, 1117; 
Plate II 

localized submucous fibrosis of, 1013, 1018, 
1113 
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INDEX 


Bladder, neurogenic abnormalities of, 978, 
979, 1085, 1161 
treatment of, 1088 


palpation and percussion of, 15 
papilloma and papillomatosis of, 118, 
1039, 1050, 1051, 1057, 1060, 

1146, 111. 1040; Plate IV 
paralytic, 1086, 1087, 1088 
physiology of, 968, 974 
postoperative care following surgery of, 

1116, 1149 

complications of, 1149 
preoperative preparation for surgery of, 
1102 

pressure, measurement of, 81, 978 
prolapse, in female, 1064 
putpura of, 117 

quartz light irradiation of interior of, 1199; 
111 1199 

radiotherapy of tumors of, 1057, 1110, 

1147, 1750, III. 1111, 1148, 1753, 
1754, 1757 

radium and x-ray bums of, 993 
reimplantation of ureter into, 1303, 1316, 
1318, m. 1319 
rhabdomyoma of, 1047 
rupture of, 118, 179, 182, 918, 988, 111. 
989 

operative treatment of, 1120 
sarcoma of, 1038, 1039, 1046, 1050, 1055, 
1057, 1093 

sphincter, 614, 793, 906, 945, 952, 968, 
971,976, 979 

subarachnoid injection of alcohol for pain 
in, 1195 

sympathectomy for relief of pain in, 1134 
syphilis of, 117, 1023 _ 


tumors of (see Tumors) 
vaccine therapy of, 1195 
varicies of, 117 
\eins of, 956 

wall, resection of for diverticulum, 1111; 
ID. 1113-1120 
Ilunner's ulcer, 1113 
leukoplakia, 1117 
tumor, 1106; 111 1107-1111 
structure of, 948 
wounds of, 9S6 

operative treatment of, 988, 1120 
Blasucci ureteral catheter, 85 
Blood chemistry, relation of, to urinalysis, 52 
tests, 52 

importance of, in urology, 53 
securing specimens for, 61 


Blood plasma, dried human, 1766 
advantages of, over whole blood, 1767 
dangers of, 1768 

preparation and packaging of, 1766 
Blood supply of bladder, 955 
Cowper’s gland, 735 
epididymis, 370 
kidney, 1345, 1349, 1356 
anomalies of, 1224, 1272, 1279. 1280 
1283, 1309, 1374, 1381, 1382, 
1409; 111. 1280, 1410 
penis, 228 
prostate, 796 
scrotum, 366 
seminal vesicle, 525 
testicle, 370 
ureter, 1212 
urethra, female, 750 
vas deferens, 524 
Bone-formation in penis, 295, 296 
Bougies, urethral, 71, 661 
technic of passing, 73 

Bowman’s capsule, 1345, 1348, 1349, 1354, 
1355 

Brake prostatectomy bag, 891 
Bright's disease, 1423 
classification of, 1424 
degenerative changes of, 1424 
inflammatory changes of, 1424 
sclerotic lesions of, 1433 
treatment of, 1433 
uremia in, 1436 
treatment of, 1438 
Brown-Buerger cystoscope, 101 
Bubo in chancroid, 262, 264, 266 


Bulbo-urethral gland (see Cowper’s gland) 


female urethroscope and infant vagino- 
scope, 90, 1 22, 594, 756; 111. 91-94 

Calcification of vas deferens, ampulla, and 
seminal vesicle, 532, 552; ID. 534 
kidney, tuberculous, 1497, 1509 
Calcified sebaceous cysts of scrotum, 432 
Calculus, cystine, 135, 1596 
of bladder, 117, 1067, 1092, 1157; III. 
1068, 1069; Tlate VI 
diagnosis of, 129, 177, 1072 
in diverticulum, 129, 1072; III 180, 
181,1031 

removal of, by cysloscopic rongeur, 
1125; 111. 1125 
litbolapaxy, 1072, 1126 
surgery, 1073, 1124 
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kidney, 5, 168, 1583; III, 1598, 1601 
bilateral, 1584, 1609 
diagnosis of, 127, 1603; 1IL 149, 165 
pyelography in, 168, 1605; IU, 165, 
166, 167 

due to sulfonamide therapy, 1171, 
1594 

etiology of, 1584 
incidence of, 1597 
location of, 1597 

pathological renal changes in, 1599 
recurrence of, preventing, 1606, 1609 
structure and composition of, 1594 
symptoms of, 1603 
treatment of, 1606 
by bisection of kidney, 1684 
calyceal resection, 1606, 1684 
heminephrectomy, 1606 
nephrectomy, 1606 
nephrotomy, 1606, 1674; IU. 
1675-1677, 1678 

pyelotomy, 1606, 1679, 111. 1680 
transperitoneal, 1683; III. 1681- 
1683 

prepuce, 234, 309 
prostate, 866; 111 129, 867 
symptoms and diagnosis of, 129, 869 
treatment of, by operation, 870, 921, 
932, 1760; 111 934 
radiation, 1760 
scrotum, 431 

seminal veside, 552, 111. 552 
ureter, 168, 1259, 1294; III. 1262, 1265, 
1266 

diagnosis of, 1262 

by roentgenogram, 128, 168, 1264; 
III. 165, 167 

wax bulbed catheter, 84, 1261; 
111. 1263 

in diverticulum, 1258, 1260, 1270 
treatment of, 1266 
expectant, 1268 
instrumental, 1268 
symptomatic, 1267 
surgical, 3269, 1320, IU. 1321 
urethra, female, 776, 777 
treatment of, 777 

urethra, male, 103, 129, 177, 665, 667; 

id m 

removal of, through perineal incision, 
697; IU 695,696 

suprapubic incision, 698; IU. 697, 
69S 

urethroscope, 667; IU. 667 
urinary, diet in treatment of, 1189, 1192, 
1194, 1611 

dissolution of, by chemical means, 1617 
due to hyperparathyroidism, 60, 1070, 
1270, 1591, 1616 
etiology of, 1067, 1260, 1584 
following alkali treatment of peptic 
ulcers, 1591, 1613 

postoperative roentgenography in, 1610 


preoperative roentgenography in, 1324 
recurrence of, preventing, 1606, 1609 
structure and composition of, 1260, 1594 
Calyceal resection, 1606, 1684 
technic of, 1685 

Capsule, Bowman’s, 1345, 1348, 1349, 1354, 
1355 

Gerota’s, 1351, 1480 
prostatic, 792, 793 
renal, 1349, 1351, 1353 
Carbuncle of kidney, 1453, 1456, III. 1455 
treatment of, 1460, 1481 
Carcinoma of adrenal cortex, 1576 
bladder, 1039, 1041, 1049, 1050, III. 1042- 
1045, 1054; Plate IV 
diagnosis of, 1053 

in diverticulum, 1049, 1059, I1L 1112- 
1114 

exstrophy, 964, 1050 
treatment of, by excision, electro-resec- 
tion, or figuration, 1057, 1106, 

1147, 1324, 1751, III 1107-1111, 

1148, 1149, 1757 

radiation, 1057, 1110, 1147, 1750, 
III. 1111,1148,1753,1754, 1757 
Cowper’s gland, 742 
treatment of, by operation, 743, 1743 
radiation, 743, 1743 
kidney parenchyma, 1542, 1562 
diagnosis of, 1571 
pathogenesis of, 1562 
pathology of, 1563, 1564, 1565 
treatment of, by operation, 1573, 
1760 

radiation, 1573, 1760 
pelvis, 1529, 1545; 111 1546, 1547 
diagnosis of, 1550 

treatment of, by operation, 1552, 
1758, 111. 1325-1328 
p-^: r inn tii 


prostate gland, 831, 844, 1747 
biopsy of, 851; 111 852-855 
diagnosis of, 850 
etiology of, 844 
metaslases from, 34S 
pathology of, 845, 1747; IU. 847. 848, 
849 

prognosis of, 856 

relation of serum add phosphatase to, 
853 

treatment of, 498, 857, 918 
by castration, 498, 858 
estrogenic substances, 859 
radiation, 858, 1747; HI. 1748 
supervoltage irradiation of testes, 
859 

surgery, 857, 918, 920, 1747 
transurethral resection, 852, 910, 
1747; III. 1748 
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INDEX 


Carcinoma, scrotum, 429 

treatment of, by radiation, 431, 1736 
surgery, 431, 1736 
seminal vesicle, 550 
treatment of, by radiation, 55, 1739 
surgery, 551, 1739 
spermatic cord, 464, 1739 
testicle, 454, 461 

treatment of, by radiation, 387, 462, 
1737 

surgery, 461, 498, 1737, 111 500, 501 
ureter, 1252 

treatment of, by radiation, 1758 
surgery, 1257, 1324, 111 1325-1328 
urethra, female, 103, 769 

treatment of, by radiation, 770, 1744 
surgery, 770, 1744 
male, 650, 111. 652, 653, 654, 655 
treatment of, by radiation, 656, 657, 
1742 

surgery, 656, 657, 1743 
vagina, 599 

treatment of, by radiation, 599, 600, 
1739 


surgery, 599, 600, 1740 
vulva, 590 

treatment of, by radiation, 591, 1739 
surgery, 591, 1740 

Caruncle of female urethra, 103, 767, 769 
treatment of, 768 
Carunculae hymenales, 576, 598 
Castration, effects of, 391 
for prostatic carcinoma, 498, 858 
Catheterization of ejaculatory duct, 97, 101, 
185, 477, 547 

technic of, 97, 563,111. 97,98 
ureter, 83, 1715 
in children, 122, 123 
preparation for, 87 
technic of, 118 
urethra, 74 
preparation for, 77 
technic of, 78 
Catheters, ureteral, 84 
care of, 86 

indwelling, 1315, 1471, 1473, 1716 
types and sizes of, 84 
war-bulbed, 84, 1261, III. 1263 
urethral, 74 
care of, 77 
self-retaining, 75 
types and sizes of, 74 
Cavemositis, gonortheal, 710, 712 
indurated, 293 
tuberculous, 28S 
Chancre (see Syphilis) 

Chancroid of perns, 261 

differential diagnosis of, 261, 263, 27S, 
283 


etiology and bacteriology o r , 26! 
treatment of, 264 
scrotum, 417 
vagina, 597 
vulva, 586 


Chemical nephrosis, 1432 


bladder tumors in, 1092 
cystoscopy and urethroscopy in, 122 
diseases of bladder in, 1092 
Cowper’s gland, 743 
kidney, 1461, 1463, 1465, 1629 
prostate, 870 
scrotal contents, 477 
seminal vesicle, vas deferens, and ejacu- 
latory duct, 553 
ureter, 1293 
urethra, female, 777 
male, 667 
vulva, 591 

gonorrheal vulvovaginitis in, 591; III 593 


C 

Chorionepithelioma of testicle, 454, 435 
459; Frontispiece 
vagina, 600, 1740 
Chyluria, 28; 111. 155 
Circumcision, 234, 253, 256, 297, 310 
anesthesia for, 319 
cautery, in adults, 322 
in female, 602 
technic of, 319 
Kins in’s, 319, 111. 321 
Lowsley’s, 319; III. 320 
Clinical tests of urine, 24 
Clitoridectomy, 602 
Clitoris, 571 
adherent, 577 

anomalies, congenital, of, 577 
excision of, 602 
glans of, 572 

Coffey's technics of uretero-intesUnal anas- 
tomosis, 1326, 1329 

Collection of urinary specimens, 21, 118 
Concealed penis, 230 

Condyloma acuminata of female external 
genitalia, 587, 597 
penis. 296 

lata in female, 585, 597 
penis, 297 
scrotum, 417, 418 
Constriction of penis, 251; III. 252 
Contracture of vesical onfice, 812, 1065; III. 
1066 

Contusion of kidney, 1396, 1403 
pcni«, 247 
scrotum. 400 



INDEX 


Corper's crystal violet-potato method of de- 
tecting tubercle bacilli in urine, 42 

Corpora cavernosa penis, 224 226, 228, 229, 
309,609 

Corpus spongiosum urethrae, 224, 226, 609, 
612 

Cowpentis, 737 
abscess-formation in, 738 
fistula following, 738 
operative treatment of, 743 

Cowper’s gland, 612, 732 
abscess of, 7 13, 738, 739 
anatomy of, 734 

anesthesia for surgery of, 218, 743 

anomalies, congenital, of, 736 

blood supply of, 735 

carcinoma of, 742, 743, 1743 

diseases of, 737, 743 

ducts of, 613, 735 

embryology of, 732 

extirpation of, 745 

gonorrheal infection of, 737, 738 

incision and drainage of, 745; 111 744, 745 

injuries of, 736 

innervation of, 736 

lymphatics of, 736 

non-specific infections of, 737 

number and classification of, 733 

operative treatment of, 743 

physiology of, 736 

postoperative care of, 746 

retention cysts of, 740, 743 

secretion of, 736 

structure of, 734 

tuberculosis of, 739 

tumors of, 742, 1743 

veins of, 736 

Creatinine, test of blood for, 60, 61 

Crista urethralis, 749 

“Crush” injuries, disturbances of kidney 
function following, 1444 

Cryoscopy, 66 

Cryptorchidism, 361, 369, 371, 385, 387 
476, 477 

complications of, 378, 453, 467, 468, 487 
hormonal treatment of, 379, 478 
operative treatment of, 379, 487; 111 489, 
490, 493 



vulva, 581 

Cylindrical syphiloma of male urethra, 638 
Cystadenoma, matignant papillary, of kid- 
ney, 1565 

Cystectomy, 641, 865, 1059, 1117, 1123 
technic of, 1119 
Cystine, 29, 40 
calculus, 135, 1596 
Cystiauiia, 40 

Cystitis, 994, 1092; III. 1000, Plate II 
acute, 116, 998, 1001, 1005 


VII 

alkaline encrusted, 999, 1011, 1050: Plate 
II 

amebic, 1036 
bacterial, 995 
chronic, 32, 116, 999, 1006 
cystica, 1001, 1050 
diagnosis of, 1003 


gangrenous, 999, 1008 
glandularis, 1001 

gonorrheal, 761, 1022; III 1022, 1023 

graniilomatosa, 999 

interstitial, 998, 999, 1014, Plate II 

non-bacterial, 995 

panmural ulcerative, 1014 

postoperative, 995 

postpartum, 996 

pregnancy, 996 

pseudomembranous, 1002 

symptoms of, 1002 

treatment of, 1005 

tuberculous, 1026 

types of, 998 

ulcerative, 116, 1002, 1014 
CystoceJe, 183, 757, 1064 
treatment of, 1065 

Cystography, injection, 172; III. 180, 181 
contrast media for, 172 
m female, 183 
technic of, 173 
uses of, 176, 1035 
Cystomcter, 82, 978 

I^wsley-llunt, 82; 111 82 

Cystometry, 81 
uses of, 978 

Cystoscopes, care of, Ill 
types of, 104 
Cystoscopy, 104 
anesthesia for, 113 
care of patient after, 122 
jn children, 122 

indications and contraindications for, 108 
instruments for, 104 
care of. 111 

preparation of armamentarium for. 111 
of patient for, 113 

technic of, with examination of upper 
tract, 114 

Cyslostomy (see Suprapubic) 

Cysto urethrography, technic of, 175 
uses of, 176, 819 

Cysts, dermoid, of spermatic cord, 464 
vagina, 598 
vulva, 589 

hydatid (see Echinococcus) 
of Bartholin's gland, 589 
Coivper's gland, 7 40, 743 
treatment of, 741 
hymen, 600 
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1543 


unilocular, 1518 
calcified, 1541 
contents of, 1542 
diagnosis of, 1543 
etiology of, 1538 

treatment of, by aspiration and 
injection, 1544, 1688 
operation, 1544, 1688 
small, multiple retention, 1530, 1538 
solitary (see Simple cyst) 
penoscrotoperineal raphe, congenital, 
240 

prostate, 824, 826 

prostatic utricle, congenital, 625, 825; 
I1L625 

urachus, 966, 967 
urethra, male, 645, 648 
vagina, 598 
vulva, 589 

sebaceous, of scrotum, 428; 111, 428 
calcified, 432 
vulva, 589 

Dark field examination for syphilis, 268, 
298 

Dartos, 227, 365, 366, 367 
Decapsulation of kidney, 1435, 1707 
technic of, 1708 

Decompression, gradual, of bladder, 883, 
1159 

Deferentitis, gonorrheal, 529 
non specific, 530 

V: <gt ocx 


vaguu, J/J 
vulva, 589 

Diaceturia, test for, 32 
Diet, acid ash, 1007, 1008, 1189, 1612 
alkaline ash, 1006, 1192, 1314, 1614 
Brady modified, 1193 
as etiological factor in urinary calculous, 
1584 


urinary luueuuiosis, live 
ketogcnic, 1008, 1187, 1473 
low oxalate, 1194, 1613 
low calcium modification of, 1195 
Dilatation, instrumental, of ejaculatory 
duct, 563 

ureter, 1197, 1276, 1717 


urethra, in female, 759, 764, 772, 786 
male, 661, 673, 676, 685, 699, 722, 
746, 816 

of ureter, congenital (see Megalo-ureter) 
due to obstruction (see Hydro-ureter) 
Diphtheria of penis, 288 
Diseases of bladder, 994, 1092 
Cowper’s gland, 737, 743 
ejaculatory duct, 553 
epididymis, 433, 477 
female external genitalia, 581 x 

hymen, 576, 600 

kidney and renal pelvis, 1405, 1629 
penis, 252 

prostate gland, 806, 870 
scrotum, 414 
seminal vesicle, 535, 553 
testicle, 433, 477 
ureter, 1239, 1293 
urethra, female, 757, 777 
male, 637, 667 
vagina, 594 
vas deferens, 529, 553 
vulva, 581 ,591 
Dislocation of penis, 251 
Diverticulum of bladder, 117, 177, 958, 1080; 
Plate VII 

cystography in, 177, 1084; III. 181 
diagnosis of, 1083 
etiology of, 10S1 

operative treatment of, 1084, 1111; III. 

1113, 1115, 1116-1120 
stone in, 129, 1072; 111. ISO, 181; 1081 
tumor in, 1019, 1059; III. 1112-1114 
ureter, 170, 1220, 1224, 1257, 1294; III. 
1258 

calculus in, 1258, 1260, 1270 
treatment of, 1259 
urethra, female, 751, 758, 774, 776 
treatment of, 759, 776, 777 
urethrography in, 179 
urethra, male. 102, 179, 625, 663, 665; 
111 1 82, 664 

operative treatment of, 626, 665, 667, 
691; III. 688 

Dorsal sbt, 234, 253, 261, 266, III. 254 
Duplication of bladder, 958 
kidney, 145, ISO, 1221, 1224 
operative treatment of, 1670, 1693 
penis, 231; 111. 233 

ureter, 150, 1214, 1215, 1221, 1223; III. 
146, 149, 1216-1218 
operative treatment of, 1225, 1302 
urethra, female, 751 
male, 626 
vagina, 577 

Dye tests of renal function, 46, 121, 1383 

Echinococcus disease of bladder, 1035 
kidney, 37, 1520, 1631 
diagnosis of, 1523 
operalh e treatment of, 1524 
ureter, 1250 
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Ectopic kidney, 151, 1580 

anomalous blood supply of, 1381 
operative treatment of, 1683, 1694 
stone in, 1683; 111. 167 
transperitoncal pyelotomy for, 1683; 
111. 1681-1683 

with crossed ureter, 150, 1219, 1380; 
111 147 

and fusion, 1378; III. 13 79 
testicle, 364, 376, 477, 111. 494 
complications of, 378, 487 
operative treatment of, 379, 487, 493; 
111. 495, 496. 497, 499 
ureteral orifices, 629, 750, 1220, 1223, 
1225; 111. 1216, 1218 
operative treatment of, 1226, 1303 
Ejaculation, 527, 629 

Ejaculatory duct, 521, 529, 536, 557, 611, 798 
anatomy of, 523, 524, 525 
anomalies, congenital, of, 526 
catheterization of, 97, 101, 185, 477, 547, 
563; III. 97, 98 
dilatation of, 563 
diseases of, 553 
em bryology of, 361, 522, 609 
inj'ection of, 563 
injuries of, 529 

non-operative treatment of, 562 
physiology of, 526 

stricture or occlusion of, 477, 553, 565 
Elephantiasis of penis, 283, 292, 426; TIL 292 
scrotum, 292, 417, 424; 111 292 

etiology of, -121 
treatment of, 426 
vulva, 587 

Elliott treatment regulator for applying 
heat to prostate, 937 
Elsner-Braasch endoscope, 88 
Embryology of bladder, 943 
Cowper’s gland, 732 
ejaculatory duct, 361, 522, 609 
epididymis, 361 

female external genitalia, 361, 569 
kidney, 1343 
pelvis, 1208, 1346 
penis, 223 
prepuce, 225 

prostate, 787; 111. 788, 789 
scrotum, 360 
seminal vesicle, 361, 52x 
spermatic cord, 363, 364 
testicle, 361 

trigonum vesicae, 944, 946 
ureter, 1208, 1346 
urethra, female, 569, 748 
male, 225, 607 
vas deferens, 361, 521 
verumontamim, 522, 609 
vagina, 570 

Embryonal adenomyosarcoma of kidney (see 
Wilms’ tumor) 

Emmet’s “buttonhole” operation for pro- 
lapse of urethra, 783 

't 


Encysted hydrocele, 376, 467 
Endoscopes, 87 

Entamebae histolytica infection of bladder, 
1036 

Enuresis, 623, 629, 1088 
causes of, 1039 


503-505' 

transplantation of vas to testicle following, 
504; 111. 506 

Epididymis, anatomy of, 370 
anesthesia for surgery of, 218, 486 
angioma of, 465 
anomalies, congenital, of, 384 
arteries of, 370 
blood supply of, 370 
contusion of, 406, 407 
diseases of, 433, 477 
embryology of, 361 

gonorrheal infection of, 409, 436, 475, 
517, 712 
gumma of, 447 

inflammations of (see Epididymitis) 
injuries of, 405 
innervation of, 371 
lymphatics of, 373 
neuralgia of testicle and, 449 
non-operative treatment of, 517 
non-specific infections of, 438, 475, 517 
operative treatment of, 486 
palpation of, 19 

postoperative care following surgery of, 
510, 512, 516 

preoperattve preparation for surgery of, 
486 

sarcoma of, 465 
syphilis of (see Syphilis) 
tuberculosis of (see Tuberculosis) 
tumors of (see Tumors) 
veins of, 371 
wounds of, 405, 407 

Epididymitis, gonorrheal, 409, 436, 475, 712, 
713 

treatment of, 438, 517 
non-specific, 438, 475 
treatment of, 440, 517 
Epididymotoroy, 438, 501 
closed, technic of, 501 
open, technic of, 502 

Epididymo- vasotomy for sterility, 477, 505 
Ilagner’s technic of, 508; IU. 507, 509 
indications for, 508 
Epispadias in female, 579 

treatment of, 580, 603; 111. 604, 605 
types of, 579; III. 23S 
male, 237 
complete, 239 
glandular, 239 
operation for, 348; 111. 348 
operations for, 347 
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Epispadias, male, penile. Young’s operation 
for, 349, 111. 349 

surgical treatment of incontinence ac- 
companying, 239, 330 
_ types of, 239; 1U 238 
Epithelioma of scrotum, 429 

treatment of, by operation, 431, 1736 
radiation, 431, 1736 

urethra, male, 650, III. 652, 653, 654, 655 
treatment of, by operation, 656, 1743 
radiation, 656, 1742 
Erection of perns, mechanism of, 241 
muscles and nerves in\olved in, 228, 241, 
527 

pathological (see Priapism) 

Erosive and gangrenous balanitis, 259, 264 
treatment of, 261 
Erythrocyte sedimentation test, 67 
Examination, dark field, for svphilis, 268, 
298 

instrumental, 71 
in children, 122 
with cystoscope, 104 
ureteral catheters, 83 
urethral bougies, sounds, filiforms, 71 
catheters, 74 

urethroscope or endoscope, 87 
of blood, 52, 62, 67 
prostatic secretion, 18, 541, 716, 814 
semen in sterility, 476 
seminal vesicular secretion, 18, 541, 
565, 716, 814 
urine (see Urine) 
physical, in urology, 11, 12 
rectal, 15, 54,813, 819, 824, 850 
Excretory urography, 138 
as measure of residual urine, 171 
for examination of bladder and urethra, 
176, 624 

in injuries to bladder, 179, 992 
kidney, 1402 
male urethra, 183 

postoperative studies following uretero- 
uitestinal anastomosis, 1337 
intravenous method of, 138 
peroral method of, 142 
preparation of patient for, 141 


operative trealment of, 1122 
by uretero-inteslmal anastomosis, 1123, 
1324 

with epi'padias, in female, 579, 963 
male, 237, 963 

External genitalia, female, anatomy of, 571 
anesthesia for surgery of, C02 
anomalies, congenital, of, 381, 576 
condyloma acuminata of, 587, 597 
diseases of, 581 
embryology of, 361, 569 
injuries to, 581 
operative trealment of, 602 


postoperative care following surgery of, 605 
preoperative preparation for surgery of, 

radiation of tumors of, 1739 
External urethrotomy (see Urethrotomy) 
Extraperitoneal lumbar nephrectomy, 165S, 
1660, 111. 166CM663 

Extravasation of urine in injuries to bladder, 
937 

prostate, 805 
ureter, 1315 
urethra, 635 

operative treatment of, 637, 679, 6S4; 
111. 680, 6S1 

Fascia, Buck’s, 226, 293, 294, 295, 358, 635 
cremasteric, 366, 412 
Denonvilliers’, 562, 795, 893, 922 
external spermatic, 366 
internal spermatic, 366 
perirenal, 1351, 1481, 1620 
prostatic, 795 

Fehling test for sugar in urine, 31 
Fenger operation for stricture at the ure- 
teropelvic junction, 1307; 111 
1307, 1308 
Feta! kidney, 1372 
Fibroma of bladder, 1047 
kidney, 1568 
penis, 295 
renal pelv is, 1546 
spermatic cord, 463 
testicular tunics, 465 
urethra, female, 769 
male, 649 
vagina, 599 
vulva, 589 

Fibrosis, chronic, of prostate, 921 
Filiforms. urethral, 71, 74, 661 


-693 

excision oi, i>yj; lit. o&v, twu 
urethrovaginal, 756 
repair of, 784; 111. 784, 785 
vesical, 118, W, 1076; Plate MI 
vesico-enteric, 1077 
vesico-utenne, 1079 
vesicovaginal, SSI, 756, 091, t076 
operative treatment of, 1128, 1324; 111. 
1130-1134 

Fluids, forcing of, 885, 905. 1154, 1611, 1717 
method of charting intake and output of, 
1154 

Foley self-retaining catheter, 76, 884, 897, 
905,916,917,928,929 
Y-plasty operation for stricture at urc- 
teropclvic junction, 1309 
technic of, 1313 

Follicular abscess, 12, 644, 710 
urethritis in male, 710 
vulvitis, 583 
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Foreign body in bladder, 117, 1073 
removal of, 1075, 1121; 111. 1074 
urethra, male, 632 
Foreskin (see Prepuce) 

Fossa navicularis in female, 571, 576 
male, 225, 612, 613, 617, 638, 652, 708 
Fracture of penis, 249, 250 
Frei test for lymphogranuloma venereum, 
283,597 

Frenum preputii, 225, 227 


IClildu., ivl 

prolapsed urethra in female, 783 
tumors of bladder, 1057, 1146, 1152 
penis, 333 
urethra, male, 649 

urethral polyps and granulomas in female, 

ulcers of bladder, 1018, 1197 
Fuller-Freyer technic of suprapubic prosta- 
tectomy, 887; 111. 888, 889, 890, 
892 

Function tests of kidney (see Tests) 
Furunculosis of vulva, 583 
Fused kidney, 150, 1373 
asymmetrical 150, 1375; Til 147, 1376 
horseshoe form of, 150, 1373; III 146, 147, 
1373, 1374, 1375 

containing hypernephroma, papilloma, 
stone, 1691; 111.1691-1692 
heminephrectomy in, 1670, 1690, 1691, 
111 1691 

operative treatment of, 1378, 1689 
retrograde^pyelography in, 150, III. 146, 

unilateral, with crossed ectopy, 1378; 111. 
1379 

Galatest for sugar in urine, 31 
Ganglioneuroma of adrenal gland, 1580 
Gangrene of bladder, 999, 1008, 1010 
penis, 254, 259, 419; III. 258 
scrotum, 404, 405, 419 

and penis following periurethritis, 
419, 422; 111. 420 
vagina, 595 
vulva, 584 

spontaneous fulminating, of scrotum and 
|>enis, 419 
treatment of, 422 
Garceau ureteral catheter, 84 
Gas bacillus infection of kidney, 1517 
treatment of, 1520 
Gerota’s capsule, 1351, 1480 
Gians penis, 225, 227, 228, 60S 

dorsal sbt of, 234, 253, 261, 266; III 254 
Paget’s disease of, 290, 301 
ditondis, 572 
Glass tests of urine, 24 
Glomerulonephritis (see Nephritis) 


Gonorrhea, bacteriology of, 705 
complement-fixation test for, 707, 716, 
727, 765 
history of, 702 
immunology of, 707 
in female, 755, 759 
complications of, 436, 760, 761 
criteria of cure of, 765 
diagnosis of, 761 
pathology of, 760, 111. 1023 
treatment of, by chemotherapy, 763, 
764 

local, 763, 764 
prophylactic, 762 
in male, 701 

complications of, 644, 710, 711 
Criteria of cure of, 726 
diagnosis of, 715 
pathology of, 708, 711 
periurethral and paraurethral abscess 
in, 710, 711 
symptoms of, 712 
treatment of, 717 
local, 721 
prophylactic, 718 
systemic, 725 

with hyperpyrexia, 726, 817 
penicillin, 720, 1185 
sulfonamides, 717, 719, 722, 724, 
727, 1165, 1166, 1167 
modes of transmission of, 708 
public health and epidemiotogicat aspects 
of, 703 

urine examination in, 39, 716 
Gonorrhea! cavemosit/s, 720, 712 
infection of bladder, 761, 1022, 111 1022, 
1023 

Cowper’s gland, 737, 738 
ejaculatory duct, 553 
epididymis, 375, 409, 436, 712, 713 
differential diagnosis of, 437 
treatment of, 438, 517 
kidney, 1512 

prostate, 710, 712, 713, 724, 806, 810, 
818 


seminal vesicle, 535, 546, 730, 712, 713, 
714 

ureter, 1246 

urethra (see Gonorrhea, in female; in 
male) 

vagina, 591, 592, 594; III. 593 
vas deferens, 529 
vulva, 585, 591 

vulvovaginitis in children, 591 
treatment of, 592; III 593 
Granuloma inguinale in female, 586 
male, 278, 419 

differential diagnosis of, 279, 283 
treatment of, 280 

Granuloma of urethra in female, 758, 759, 
76S 

ureter, 1244 

Gubemacuium testis, 363. 411, 412 
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Guinea-pig inoculation test for urinary tu- 
berculosis, 42, 1028, 1503, 1501 
Gumma, syphibtic, of bladder. 1023, 1025, 
1026 

epididymis, 447 
kidney, 1514; III. 1513 
penis, 295 
prostate, 820 
scrotum, 418 

testicle, 446, 459, 111 447 
ureter, 1247 
urethra, female, 766 
male, 639 
vulva, 586, 766 

Hagner’s technic of epididymo-vasotomy, 
507, 508, 111. 507, 509 
Hemangioma of bladder, 1018, 1093 
kidney, 1569 

Hematocele, 401, 458, 469, 470 
treatment of, 401 

Hematoma, extrarenal, 163; 111. 163 
of penis, 247: IU 248 
scrotum, 401, 473, 513; HI. 248 
calcified, 431 
treatment of, 401 
Hematoporphyrinuria, 10 
Hematuria, 7, 29, 35, 108 
causes of, 7 

Henunephrectomy, 1670 
in anatomically normal kidney, 1671; 
111. 1672 

double kidney, 1670, 1693 
horseshoe kidney, 1670, 1690, 1691; 
111 1691 

indications for, 1303, 1304, 1670 
Hemoglobinuria, 10, 35 
anuria, 7 

Hemorrhagic cyst of kidney (see Cysts) 
Hermaphrodism and pseudohermapbrodism, 
381, 390 

Hernia, inguinal, accompanying cryptor- 
chidism, 378 
congenital, 364 

differentiation of, from hydrocele, 470 
Herniation of bladder, 1061 
treatment of, 1063 
testicle, 400, 401, 408 
Herpes progenitalis of penis, 287 
Hess method of orchidectomy, 493 
Higgins' technic of uretero-Lntestinal anas- 
tomosis, 1330 

Ililum of kidney, 1352, 1360 
History-taking in the urological case, 1 
Hodgkin's disease of penis, 283, 301 
testis, 462 

Home’s glands, 792, 800, 949 
Hormonal test for early pregnancy, 43 
tumor of testis, 44, 451, 453, 459 
therapy of cryptorchidism, 379, 478 
carcinoma ot prostate, 858, 839 
Hunner’s ulcer in female, 1019 
hyperplasia of prostate, 39 3, 840, 90S 


impotence, 394 

vulvovaginitis in children, 592 
Hormones of testis, 3S6 ? 388 
influence of, on testicular descent, 364, 
379 

therapeutic use of, 379, 392, 478, 908 
Horseshoe kidney (see Fused kidney) 
Hour-glass bladder, 959 
Hunner’s ulcer of bladder (see Localized 
submucous fibrosis) 


uum couieui oi, 4oo 
idiopathic, 466 
in female, 582 
infantile, 466, 470 
ioguinal, 379, 467 
interstitial, 468 
of hernial sac, 468, 470 
spermatic cord, 468, 470 
tunica vaginalis testis, 413, 458, 467, 
478; 111. 467 , 

traumatic rupture of tunica vaginalis in, 
404 

treatment of, 471, 510 


(see 

Hydronephrosis, 1405, 1630; III. 1217, 12S0 
1307, 1410, 1415 
causes of, 1406 
diagnosis of, 1418 
infected, 1405, 1462 
intermittent, 1405 
pathology of, 1414 
pyelography in, 151, 1419; 111. 153 
renal atrophy in, 1416 
serial pje)ogram3 in, 136, 1420 
treatment of, 1420 

Hydro-ureter, 1283, 1294; III. 618, 1217 
etiology of, 1284 • 

Hymen, atresia of, 578, 600 
cysts of, 600 
development of, 571 
imperforate, 578 
tumors of, 600 

Hypernephroma of kidney, 1562, 1363, 1561 
bilateral primary, 1569 
diagnosis of, 1571 

treatment of, by radiation, 1573, 1760 
surgery, 1573, 1760 
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Hyperparathyroidism in the production of 
unnary stone, 60, 1070, 1270, 
1591, 1616 

Hyperplasia of adrenal cortex, 1576 
prostate gland, 1 10, 826 
blood chemistry tests in, 53 
complications of, 835 
cystoscopic appearance of, 116, 836; 

III 836, 837; Plate V 
cysto-urethrogram in, 177; 111. 178 
etiology of, 826; 111. 828, 829 
pathology of, 831; HI. 838, 839, 882, 
883, 903,901 

symptoms and diagnosis of, 831, 835 
treatment of, by castration, 498, 858 
homanat therapy, 393, 840, 908 
perineal prostatectomy, 858, 881, 
891; ID. 893-901 
roentgen radiation, 1745 
suprapubic prostatectomy, 881, 
887, 111. 888-892 

total perineal prostatectomy, 920, 
922; III. 923-928 
transurethral resection, 909 

Hypeipyiena therapy of gonorrhea, 717, 
817 

syphilis, 276 

Hypertension, arterial, current theories of 
mechanism of, 1441 
renal pressor substances and, 1439 
treatment of, 1442 
by surgery, 1710 
clinical results of, 1712 
urological conditions associated with, 
1443, 1558 


Hypoplastic kidney, lob/; in. »4t>, 1368, 
1369, 1370, 1371 
treatment of, 1370 
Hypospadias in female, 578 
treatment of, 579, 603 
male, 234, 629 

chordee associated with, 335, 340, 341; 
HI. 337 

surgical correction of, 340; ID. 338, 
344 

etiology of, 235 
glandular, 236 
operation for, 340; HI. 339 
penile, 236 

operation for, 340, 111. 310 
penoscrotal, 236 

Low sky three-stage operation for, 
340; ID. 341-347 
operations for, 335 
types of, 236; III 235 
Hypotonic bladder, 9S0 


Imperforate anus, urethra, vagina, case of, 
576; III. 573-575 
hymen, 578 
urethra, male, 616 
Impotence, 310, 475, 561, 922 
Lowsley plication operation for, 312, 350; 
111. 351-357 

treatment of, 311, 350, 394 
Incised wound of penis, 245, III 246 


in epispadias in female, 579 

operative treatment of, 603; HI. 604, 
605 

male, 239, 350 
operative treatment of, 350 
hypospadias in female, 603 
spina bifida, 1091, 1092 
Kelly plication operation for, 1142 
Lowsley plication operation for, 1140; 
IU 1142,1143 

Lowsley repair of vesical orifice for, 1137; 
m. 1138, 1139 

muscle transplantation operations for, 
1144 

postprosteclomy plication of external . 
sphincter to prevent, 897, 111. 
902 

surgery for, in male and female, 1137 
Indigo-carmine test of renal function, 49, 
121, 1388 

Inguinal lymph nodes, 229 
extirpation of, in cancer of penis, 323; IU. 
324-331 

carcinoma of urethra, female, 770, 1744 
epithelioma of scrotum, 431 
involvement of, in cancer of penis, 302, 
303, 323, 334, 1735, 111 304 
cancer of urethra, male, 653, 656, 1743; 
HI. 652 

chancroid, 262, 263, 264, 266 
lymphogranuloma venereum, 282, 283, 
2S6 


■ 111 . 

iiwu-iwo 
penis, 245, 308 
repair of, 334 
prostate gland, 805 
renal pelvis. 1403 
scrotum, 400 
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Injuries, seminal vesicle, 529 
testicle and epididymis, 405 
ureter, 170, 1232, 1412 
diagnosis of, 1236 
treatment of, 1236, 1315, 1317 
urethra, female, 755, 756 
male, 632 

operative treatment of, 679, IB. 680- 
683 

vas deferens, 408, 529 
vulva, 581 

Innervation of bladder, 951, 952, 955, 969, 
1134 

Cowper’s gland, 736 
epididymis, 371 
kidney, 1359, 1708 
micturition, 969 
penis, 228, 241, 356 
prostate, 793, 798 
scrotum 367 
seminal vesicle, 525 
testicle, 371 
ureter, 1212 

urethra, female, 750, 969 
male, 969 

vas deferens, 372, 373, 524 
Intermittent bladder irrigation, 1159 
Internal urethrotomy (see Urethrotomy) 
InteretiUal cystitis, 998, 999, 1014; Plate II 
Intertrigo of vulva, 583 
Intravenous pyetography (see Excretory 
urography) 

Inulin test of renal function, 1387 
Irrigations of bladder, 885, 937, 1007, 1158, 
1197 

intermittent, 1159 
solutions used in, 1158 
renal pelvis, 1473, 1611, 1715 
solutions used in, 1611, 1716 
Iscbiocavemosus muscle, 227, 229, 241, 353, 
354, 525 

Jewett’s method of uretero-intestinal anas- 
tomosis, 1331 

Kaposi’s disease of penis, 299 
Kelly endoscopic tube, 87 
plication operation for urinary incon- 
tinence in female, 1142 
Ketogenic diet (see Diet) 

Kidney, 1343, 1395, 1655 
abscess of. 1153, 1460, 1481; III. 1495, 
1497, 1526 

operate e treatment of, 16S6 
absence, congenital, of, 1362 
actinomycosis of, 1525, 1631, 111. 1526 
treatment of, 1529 

adenocarcinoma of, 1564, 1760, 111 1564 
adenoma of, 1566 
amyloid degeneration of, 29, 1432 
anatomy of, 1350 
anesthesia for surgery of, 219, 1655 
anomalies, congenital, of, 145, 1361, 1408; 
111. 147-149 

operative treatment of, 16S9 


aplasia of, 1371 
arteries of, 1345, 1349, 1357 
anomalous, 1224, 1272, 1279, 1283, 
1309, 1374, 1381, 13S2 
atrophy of, 1371, 1416, 14S6, 1487 
bacteriophage therapy of, 1473, 1718 
bilharziasis of, 1525 
bisection of, for stone, 1684 
blood supply of, 1345, 1349, 1356 
anomalies of, 1224, 1272, 1279, 12S0, 
1283, 1309, 1374, 1381, 1382, 
1409, 111. 1280, 1410 
calcification, tuberculous, of, 1497, 1509 
calculus of (sec Calculus) 
capsules, fibrous and fatty, of, 1349, 1351, 
1353, 1480 

carbuncle of, 1453, 1456, IU 1455 
treatment of, 1460, 1481 
carcinoma of (see Carcinoma) 
conformation of, 1356 
contusion of, 1396, 1403 
cystadenoma, malignant papillary of, 1565 
cysts of (see Cysts) 
decapsulation of, 1415, 1707, 1708 
denervation of, 1711 
diet in treatment of, 1434 
diseases of, 1405, 1629 
duplication of, 145, 150, 1221, 1224 


11 , 

operative treatment of, 1683, 1694; 
IU. 16S1-1683 
embryology of, 1343 

embryonal adenomyosarcoma of, 1444, 
1553, 1759 

extraperitoneal lumbar exposure of, 1658, 
1660; III. 1660-1663 
fibroma and fibrosarcoma of, 1568 
function of, 1384 

disturbances of, following “crush" in- 
juries, 1444 

tests of, 46, 52, 62, 121 
fused, 150, 1373 

asymmetrical, 150, 1375; III 147, 1376 
horseshoe form of, 150, 1373, 1691; 
111. 146, 147, 1373, 1374, 1375, 
1691, 1692 

operative treatment of, 1378, 1670, 
1689, 1690, 1691 

unilateral, with crossed ectopy, 1378; 
III. 1379 

gas bacillus infection of, 1517 
gonorrhea of, 1512 
gumma of, 1514; Hi. 1513 
hemagioma of. 1569 
hilum of, 1352, 1360 
horseshoe (sec fused) 
hypernephroma of, 1562, 1563, 1561, 
1569, 1571 

treatment of, 1573, 1760 
hytKftrophic or compensatory, 1369, 1372, 
1381; 111. 1368 
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hypoplastic, 1367; 111. 146, 1368, 1369- 
1370, 1371 

injuries to, 170, 1395; HI. 169, 1397 
operative treatment of, 1695, 1698; 
III 1696-1698 
innervation of, 1359, 1708 
leiomyoma and leiomyosarcoma of, 156$ 
leukoplakia of, 1529 
hpoma and hposarcoma of, 1568 
tabulated or fetal, 1372 
lymphatics of, 1359 

“medical” diseases of (see Nephritis: 
Nephrosis) 

movable (see Nephroptosis) 
non-operative treatment of, 1715 
non-specific infections of, 1450, 1461, 1474 
operative treatment of, 1655 
incisions employed in, 1657 
osteoma of, 1567; III. 1567 
palpation of, 13 
pelvis of (see Renal pelvis) 
physiology of, 1384 

polycystic, 56, 1372, 1531, 1545, 1633; 
111. 161, 1533 
treatment of, 1537, 1686 
postoperative care follow mg surgery of, 
1669, 1679, 1685, 1686, 1689, 
1713, 1715 

complications following surgery of, 1714 
preoperative preparation for surgery of, 
1656 

radiation therapy of tumors of, 1553, 1560, 
1569, 1758,1759, 1760 


operative treatment of, 1695, 1693, 
III. 1696-1698 

sarcoma of, 1562, 1563, 1567, 1568, 1571 

*'•••♦ * I*’* I'"/' 


supernumerary, 1365; 111 1366 
supports of, 1352, 1618 
sympathetic surgery of, 1708, 1710 
syphilis of, 1512 
tuberculosis of (see Tuberculosis) 
tumors of (see Tumors) 
typhoid infection of, 1516 
veins of, 1350, 1358 
anomalies of, 1381, 1384; 111. 1410 
weight of, 1356 

Wilms' tumor of, 1444, 1553, 1569, 1635, 
1759 

wounds of, 1398 

Kink of ureter, 1219, 1222, 1223, 1 224, 1294, 
1627 

etiology of, 1277 


pyelography in, 151, 1224, 1279; III. 153 
serial pyelogram in, 136, 154, 1279, 1627 
treatment of, 1279 

Kirwin cystoscopic rongeur, 107, 1056; HI. 
107 

litbotrite, 107; 111. 107 
measuring instrument and radon-seed im~ 
planter, 1058, 1750, 1751; 111. 
1748, 1752-1757 

method of circumcision, 319, 111. 321 
method of treating vesical papillomatosis 
by resection and cauterization 


UkUu, na 

Lacuna magna, 102, 613 
Lavage (see Irrigation) 

Learmonth’s technic of presacral neurec 
tomy, 1135 

Leiomyoma of bladder, 1047 
kidney, 1568 
spermatic cord, 464 
testicular tunics, 465 
Leiomyosarcoma of kidney, 1563 
I-cudn in urine, 40 

Leukoplakia of bladder,' 116, 1019, 1041; 
PlateU 

treatment of, 1021, 1117 
renal pel ns, 1529 
ureter, 1246, 1252 
vulva, 588 

Lens’s unii-ersal operating cystoscope, 105 
Lipoid nephrosis, 430, 1435 
Lipoma of kidney, 1568 
scrotum, 427 
spermatic cord, 427, 463 
vagina, 599 
vulva, 589 

Lipomatosis, replacement, of kidney, 1485; 
111. 1486 

Lilholapaxy, 1124, 1126 
instruments for, 1126 
technic of, 1128 
Lithotnte, Bigelow, 375, 1126 
Kirwin. 107, 1126; 111. 107 
Littre’s glands, 102, 613 
Lobulated or fetal kidney, 1372 
Localized submucous fibrosis of bladder, 
1013 ^ 


cystoscopic-roentgenographlc table, 97: 
III. 99 

<ysto-urcthnscope, 93 7 
examining table, 97 
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Lowsley forward-looking urethroscope. 90, 
563, 661 

grasping forceps, 1269; 111. 666 
-Hunt cystometer, 82; 111. 82 

plication operation for incontinence of 
urine and feces in male, 1137: 
111. 1140, 1141 

-Kilgore technic of total prostatectomy, 
922; HI. 923-928 ^ 


operation for penoscrotal hypospadias, 
340; 111 341-347 
plastic induration of penis, 358 
-Peterson universal urethroscope, 94, 185, 
186, 563, 649; 111 95-98 
prostatic tractor (curved), 891, 922, 923, 
929, IU. 899, 900, 901 
prostatic tractor (short, straight), 923; 
IU. 923 

nbbon-gut method of heminephrcctomy, 
1670, 1691, 1694, III 1672, 1691, 
1692 

ligating fnable renal pedicle, 1664; 
111. 1665 

nephropexy, 1703, HI. 1701-1705, 

nephrotomy, 1672; III. 1675-1677, 
1678 

repairing kidney wounds, 1698, 111. 
1696-1693 

plication operation for impotence, 312, 
350, IU. 351-357 

plication operation for urinary incon- 
tinence, 1140, 111 1142, 1143 
-Wang instrument for intravesical irra- 
diation and treatment of tubercu- 
lous sinuses, 1199, 111 1200 
Lues (see Syphilis) 

Lumbar puncture, 277 
Luxation of testicle, 409 
Lymphangioma of spermatic cord, 464 
Lymphangitis in chancroid, 262 
gonorrhea, 710 
Lymphatics of bladder, 957 
Cowper’s gland, 736 
epididymis, 373 
kidney, 1359 
perns, 229, 323 
prostate, 797 
scrotum, 229, 367 
seminal vesicle, 525 
testicle, 373, 499 
ureter, 1212, 1452 
urethra, female, 615, 750 
male, 325, 615 
\as deferens, 373 


Lymphogranuloma venereum, 280 
differential diagnosis of, 264, 283 
Frei test for, 283, 597 
in female, 597 
treatment of, 286 

Lymphogranulomatosis of penis, 283, 304 
testicle, 462 

Malakoplakia of bladder, 1021 
Malecot self-retaining catheter, 75, 1312, 
1313 

Malignant tumors (see Tumors) 
Mandelamine, 1178, 1472 
Mandelic acid, 567, 644, 959, 1006, 1008, 
1472, 1611 

characteristics of, 1179 
Massage of prostate, 18, 814, 817, 935 
bimanual method of, 936 
seminal vesicle, 546, 564 
McCarthy baby cystoscope, 122 
ejaculatory-duct catbetenzing instrument, 
185, 563 

observation and operating cysto-urcthro- 
scope, 88 

resectoscope, 913; III. 916-919 
Meatotomy, 617, 663, 753, 773 
technic of, 673 

Meatus, urinary, in female, 750, 755, 771, 773 
stricture of, 751, 752, 755 
syphibtic chancre of, 765 
in male, 226, 613 
accessory, 628 
imperforation of, 616 
stenosis of, 617, 663, 673 
Median bar obstruction of vesical neck, 842 
resection of, 844 

"Medical” diseases of kidney (see Nephritis: 
Nephrosis) 

Megalo-uretcr, 1219, 1222, 1224, 1227, 1294 
etiology of, 1291 
treatment of, 1293 
Meningitis, tuberculous, 1511 
Mesonephros, 362, 1343, 1344 
Metanephros, 1343, 1345 
Mcthenamine, 546, 567, 885, 959, 1006, 
1007, 1472, 1611 
characteristics of, 1177 
Methylene blue, 507, 508. 1178 
test of renal function, 48 
Micturition, P6S 

effects of nerve sections upon, 974 
innervation of, 969 
musculature of, 968 
physiology of, 974 


MuiUpie mmol magic saiuuiia irvu)>osi's 
disease) of penis, 299 

Musculature of bladder, 945, 948, 950, 952, 
968 

micturition, 968 
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penis, 227 

prostate eland, 787, 793 
ureter, 1211 

urethra, female, 750, 769 
male, 612, 613, 614, 968, 969 
Myogenic bladder, 980 
Myoma of bladder, 1047 
urethra, female, 769 
male, 649 

Myxoma of bladder, 1047 
epididymis, 465 
renal pelvis, 1546 
spermatic cord, 464 
testicular tunics, 465 

Nephralgia, 1629 
decapsulation for, 1707 
renal sympathectomy for, 1708 
Nephrectomy, 1659 

extraperitoneal lumbar, 1658, 1660; 111. 

^ 166^1663^ 


1666 

subcapsular, 1664 

transperitoneal, 1668; 111. 1667, 1668 
Nephritis, 1423, 1514 
acute diffuse glomerular, 30, 1424 
blood chemistry tests in, 55, 59 
chronic diffuse glomerular, 1428 
classification of, 1423, 1424 
diet in, 1434 
hypertension in, 1439 
parenchymatous, 40 


uieuua in, Ptai, 14ae 
Nephrolithiasis (see Calculus) 

Nephropexy, Deming method of, 1707 
indications for, 1629 

Lowsley ribbon-gut method of, 1703; 111. 
1701-1705, 1706 

Nephroptosis, 136. 151, 1278, 1279, 1411, 
1617, 111. 153 
diagnosis of, 1625 
etiology of, 1619 
serial pyelography in, 1626 
treatment, non-operative, of, 1628 
by operation, 1629, 1699, 1703, 1707; 
111 1701-1705, 1706 
Nephrosis, 1423, 1429 
amyloid, 29, 1432 
chemical, 1432 
diet in, 1434 
hypertension in, 1439 
lipoid, 1430, 1435 
of pregnancy, 2432 
treatment of, 1433 
by renal decapsulation, 1435 
uremia in, 1435, 1438 


Nephrostomy for permanent drainage, 1673, 



cystometrograms in, 978 
treatment of, 1088 
Nitrazine test for pK of urine, 33 
Noma vulvae, 591 

Non-operative treatment of bladder, 1158 
inoperable and postoperative urogenital 
tuberculosis, 1 196 
kidney, 1715 
prostate, 935 

scrotum and scrotal contents, 517 
vas deferens, seminal vesicle, and ejacu- 
latory duct, 562 

Non-protem nitrogen, tests of blood for, 59 
Non-spedfic infections of Cowper's gland, 737 
epididymis, 438, 475, 517 
differential diagnosis of, 439 
treatment of, 440, 517 
kidney and renal pelvis, 1450, 1461, 1474 
prostate gland, 806, 809, 818 
treatment of, 809, 816 
seminal vesicle, 535, 546 
ureter, 1239 
urethra, female, 755 
treatment of, 759 
mate, 643, 717 
vas deferens, 530 

Obturators, urethral, 77 
Ob’guna, 7, 29 

Ombr£danne’s operation for hypospadias, 336 
Operative treatment of bladder, 1102 
Cooper’s gland, 743 
female external genitalia, 602 
kidney, 1655 

incisions employed in, 1657 
penis, 318 
prostate, 878 

scrotum and scrotal contents, 486 
seminal vesicle, 560 
ureter, 1302 
urethra, female, 781 
male, 672 

vas deferens, 4S6, 556 
Orchidectomy, 461, 498, 1737 
for carcinoma of prostate, 498, 858 
torsion of testicle, 495 
Orchidopexy, 487 

authors’ method of, 488; III 489, 490, 493 
for ectopic testis, 495; HI. 495, 496, 497, 
499 
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Orchidopesy, indications for, 487 
Torek technic of, 490 
Orchitis, acute, 433, 434 
chronic, 433 

of mumps, 5, 434, 43S, 475 
syphilitic, 446 
treatment of, 435, 517 
Organ of Giratdes, 375 
Os perns, 295, 295 
Osteoma of kidney, 1567; 111. 1567 

Paget’s disease of glans penis, 290, 301 
Palpation of bladder, 15 
epididymis, 19 
ludney, 13 
perns, 19 

rectal, 15, 54, 813, 819, 824, 850 
testicle, 19 
ureter, 15 

Papilloma of bladder, IIS, 1039, 1050, 1051, 
1060, Plate IV 
treatment of, 1057, 1146 
penis, 296 

renal pelvis, 1546, 1547 
treatment of, 1552 
ureter, 1252 

treatment of, 1257, 1758 
urethra, female, 766 
male, 648 

Papillomatosis of bladder, 1039, 1050, 1051; 
IU. 1040; Plate IV 
treatment of, 1057 

by Kinvin’s method of resection and cau- 
terization with phenol and alco- 
hol, 1146 
Paradidymis, 375 
Paralytic bladder, 1086, 1087 
treatment of, 1088 
Paraphimosis, 2 S3; III 254 

gangrene caused by, 254, 111 258 
treatment of, 254, 111 255 
Paranephritic abscess, 1480 
Paraurethral abscess, 710, 711, 713 
Pediculosis pubis, 414 
Pelouze bodies in tuberculosis, 640 
Penicillin, 939, 1181 
infections responsive to, 1185, 1520 
modes of administering, 1183 
therapy of gonorrhea, 720, 1185 
Penis, 223, 245, 318 
absence, congenital, of, 230, 615 
adherent, 225, 230, 233 
amputation ot. for carcinoma, 303, 323, 
656,657,111 324-331 
anatomy of, 226 

anesthesia for surgery of, 217, 318, 319 
angioma of, 298 
anomalies, congenital, of, 229 
arteries of, 221k 356 


chancroid of, 261, 263, 278, 283 
cbordee of, 335, 340, 344; 111. 337, 338, 344 
concealed, 230 

condyloma acuminata of, 296 
condyloma lata of, 297 
constriction of, 251 ; IU. 252 
contusion of. 247 
cutaneous affections of, 256, 414 
dartos of, 227 
denudation of, 250 
diphtheria of, 288 
diseases of, 252 
dislocation of, 251 
duplication of, 231; III. 233 
elephantiasis of, 283, 292, 426; 111. 292 
embryology of, 223 
erection of, 241, 527 
pathological (see Priapism) 
fibroma of, 295 

gangrene of, 254, 259, 419; IU. 258 
glans of (see Gians) 
gumma of, 295 
hematoma of, 247; 111. 248 
herpes progenitalis of, 287 
injuries of, 245, 308, 334 
innervation of, 228, 241, 356 
integuments of, 226 
lymphatics ot, 229, 323 
lymphogranulomatosis (Hodgkin’s dis- 
ease) of, 283, 304 

multiple hemorrhagic sarcoma (Kaposi’s 
disease) of, 299 
muscles of, 227 
operative treatment of, 318 
palpation of, 19 
papilloma of. 296 
physiology of, 241 

plastic induration (Peyronie’s disease) of, 
293, 358 

postoperative care of, 322, 3 33 
preparation ol patient for surgery of, 318, 
319, 327 

Queyrat’s erythroplasia of, 2S9, 301 
radiation therapy of tumors of, 303, 1734 
raphe of, 224, 225, 360, 608 

congenital cysts and canals of, 240 
rudimentary, 230, 615 
rupture (fracture) of, 249, 250 
sarcoma of, 298 
scabies of, 414 

suspensory ligament of, 227, 335; HI. 356 
sypiubs of (see Syphilis) 
tuberculosis of, 279, 283, 2S7, 288 
tumors of (see Tumors) 
urticaria of, 256 
veins of, 228, 356 
wounds of, 245, 247; IU. 246 
Perineal prostatectomy (see Prostatectomy) 
Periocphntic abscess, 1455, 1480, 1497, 151Q 
diagnosis of, 1484, 1630 
operative treatment of, 1460, 1485, 1689 
postoperative care of, 1689 
Pcrinepnrium, 1480 
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Perineum, musculature of, 969 
raphe of, 224, 360, 608 
congenital cysts and canals of, 240 
removal of ureteral calculus through, 

1322; 111. 1321 

transplanting urethra into, after amputa- 
tion of penis for cancer, 332, 
III. 329, 330, 331 

Peristalsis of ureter, 145, 1226, 1310, 1313 


Peyronie’s disease oi penis (see Plastic in- 
duration) 

Pezzer self-retaining catheter, 73 
pH of urine, 32, 1605 
tests for determining, 32 
Phenolsulphonphthalein test of renal func- 
tion, 46, 121 

Pbeochromocytoma of adrenal gland, 1580 
Phimosis, acquired, 252; 111. 254 
treatment of, 253 

as predisposing factor in penile caDCer, 300 
in preputial calculus, 309 
congenital, 232 
treatment of, 234 

Phloridzin test of renal function, 49 
Physical examination, general, 11 
of urogenital tract, 12 
tests of urine, 27 
Physiology of adrenal gland, 1575 
bladder, 968, 974 
Cowper’s gland, 736 
ejaculatory duct, 526 
kidney, 1384 
micturition, 974 
penis, 241 
prostate, 801 
scrotum, 384 
seminal vesicle, 526 
testicle, 385 
ureter, 1226 

urethra, female, 753, 968 
male, 629, 968 
\as deferens, 526 
Pilcher prostatectomy bag, 891 
Plastic induration (Peyronie’s disease) of 
penis, 293, 358 
differential diagnosis of, 295 
treatment of, 295, 358 
Pneumoperitoneum, 171 
Foggi’s method of ureteral anastomosis, 1317 
Polycystic kidney, 56, 1372, 1531, 1633, 
TIL 161, 1533 
diagnosis of, 1536, 1545 
etiology of, 1532 
familial occurrence of, 1532 
incidence of, 1531 
treatment of, 1537, 1686 
Pofyorchidism, 376 


Polyp of ureter, 1253; III. 1253 
urethra, female, 758, 766 
male, 648 
vagina, 598 
Polyuria, 6, 7, 29, 50 
Postoperative anuria, 786 
care following surgery of bladder, 1116, 
1149 

Cowper’s gland, 746 
female external genitalia, 605 
kidney, 1669, 1679, 1685, 1686, 1689, 
1713, 1715 
penis, 322, 333 
proslate, 903, 908, 917 
scrotum and scrotal contents, 494, 49 , 
499, 503, 510, 512, 513, 517 
transurethral resection of prostate, 917 
ureter, 1169,1314, 1335 
ureteropelvic junction, 1314 
urethra, female, 785 
male, 699 

complications in prostatectomy, 906 
surgery of bladder, 1149 
kidney, 1714 

scrotum and scrotal contents, 517 
transurethral resection of prostate, 
917 

cystitis, 995 * . , 4 , 


Dephroas in, 1432 
pyelonephritis of, 1471, 1471 
treatment of, 1479, 1716 
Preoperative preparation of patient for pros- 
talectomy, 880, 883 
surgery of bladder, 1102 
Cowper’s gland, 743 
female external genitalia, 602 
kidney, 1656 
penis, 318. Jf 9, 327 
prostate, 880 

scrotum and scrotal contents, 486 
seminal vesicle, 560 
ureter, 1169, 1302, 1335 
Urethra, female, 781 
male, 672 

\as deferens, 556, 560 
transurethral resection of prostate, 880, 
911 

roentgenography i auxiliary calculus, 1324 
Prepuce, adherent, 225, 233 
anatomy of, 227, 228 
calculus of, 234, 309 
development of, 225 
frenum of, 225, 227 
redundant, 232, 234, 259, 261 
sebaceous glands of, 227 
sphincter of, 227 

Presacral neurectomy, indications for, 108S, 
1134 

technic of, 1135 
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Priapism, 305 
treatment of, 308 

Prolapse of bladder in female, 1064 
ureter, 1286, 1290 

urethra, female, 103, 755, 756, 773, 777 

treatment of, 774, 783 

Pronephros, 1343 

Prophylaxis, chemical, for venereal disease, 
264, 718, 762 

Prostate gland, 787, 804, 878 
abscess of, SOS, 809, 811, 813, 818: I1L 
808 

operative treatment of, 819, 929, III 
930, 931, 933 

absence, congenital, of, 800 
adenocarcinoma of, 847; HI. 848, 849 
anatomy of, 792 

anesthesia for surgery of, 218, 878 
anomalies, congenital, of, 800 
arteries of, 796 

bacteriophage therapy of, 817, 937 
bilharziasis of, 825 
biopsy of, 851; 111. 852-855 
blood supply of, 796 
calculus of (see Calculus) 
capsule of, 792, 79J 
carcinoma of (see Carcinoma) 
contiguous structures of, 798 
cysts of, 824, 826 

diet in treatment of, 816, 885, 908, 938 
diseases of, 806, 870 
embr>ology of, 787, IU 788, 789 
fascial investments of, 795 
fibrosis, chronic, of, 921 
gonorrheal infection of, 710, 712, 713, 
724, 806, 810, 818 
hypertrophy of (see Hyperplasia) 
injuries to, 805 
innervation of, 793, 798 
interrelation of, to testis and hypophysis, 
390, 827 
lymphatics of. 797 
massage of, 18, 814, 817, 935 
microscopic structure of, 792 
musculature of, 787, 793 
non-operative treatment of, 935 
non-specific infections of, 806, 809, 818 
operative treatment of, 878 
physiology of, 801 

postoperative care following surgery of, 
903, 908, 917 

complications in surgery of, 906, 917 
preoperative preparation for surgery of, 
8S0, 883, 911 
pyemia, chronic, of, 920 
radiotherapy of benign hyperplasia of, 
1745 

tumors of, 858, 1747, 111. 1748 
rectal palpation of, 151, 541, 813, 819, 
824, 850 


secretory function of, 801 
subsidiary glands of, 792, 799 
syphilis of, 820 

transurethral resection of (see Trans- 
urethral) 

trichomonas vaginalis infestation of, 824 

tuberculosis of (see Tuberculosis) 

tumors of (see Tumors) 

vaccine therapy of, 81 7, 937 

veins of, 797 

weight of, 795 

Prostatectomy, control of hemorrhage fol- 


perineal, 858, 8S1, 891 
anesthesia for, 218, 879 
Belt’s approach in, 898 
plication of external sphincter following, 
897; 111. 902 

technic of, 891; 111. 893-898, 899-902 
vasectomy preliminary to, 557, 891 
postoperative care following, 903, 90S, 917 
complications of, 906, 917 
preoperative preparation /or, 8S0, 8S3 
selection of patients for, and technic of, 
880 

suprapubic, 881, 887 
anesthesia for, 879 

Fuller-Freyer te c hnic of, 887; 111. 888, 
889, 890, 892 

vasectomy preliminary to, 557, 887 
total perineal, 920 
indications for, 857, 882, 920, 932 
Low sley-Kilgore technic of, 922; 111. 
923-928 

Young’s method of, 922 
Prostatitis, acute, 806; 111. 807 
treatment of, 80S 
chronic, 809 
diagnosis of, 813 

examination of prostatieduid in, 814 
treatment of, 816, 920 

Prostatotomy for prostatic abscess, 931; 
111. 933 

calculus, 932; IU. 934 
Prurigo of scrotum, 415 
Pruritus scroti, 416 
vuivae, 589 

’ ”• **" *17 


Pjelography (see Excretory urography; 

Retrograde pyetography) 
Pjelograms, interpretation of, 143 
Pyelonephritis, 1461 
atrophic, 1466, 1470 
diagnosis of, 1468 
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factors predisposing to, 1464, 1630 
hypertension in chronic, 1443 
of pregnancy, 1471, 1474, 1479, 1716 
pathology of, 1465, 1481 
treatment of, 1471, 171G 
Pyelostomy, 1679, 1685 
Pyelotomy, 1679 
for calculus, 1606, 1679; 111 1681 
transperitoneal, in ectopic kidney, 1683, 
EL 1681-1683 
Pyocele, 469, 470 
Pyonephrosis, 1461, 1462, 1481 
factors predisposing to, 1464 
pathology of, 1466 
treatment of, 1471, 1473 
Pyndium, 567, 885, 1008, 1179 
Pyuria, 28, 36 

Qucytat’s erythroplasia of perns, 289, 301 


Radiation therapy, historical review of, 
1724 

methods of applying, 1731 
with Kirwin measuring instrument and 
radon-seed implanter, 1058, 1750, 
1751, 111. 1748, 1752-1757 
of gemto-minary tract (general discussion], 
1733 

of malignant tumors of bladder, 1057, 
1110, 1147, 1750, T1J. 1111, 1148, 
1753, 1754, 1757 
Cowper’s gland, 743, 1743 
penis, 303, 1734 
prostate, 858, 1747; IU. 1748 
renal parenchyma in adults, 1573, 1760 
in children, 1560, 1759 
renal pelvis and ureter, 1553, 1560, 
1758 

scrotum, 431, 1736 

seminal vesicle and spermatic cord, 
551, 1739 

testicle, 387,462, 1736 
urethra, female, 770, 1744 
male, 656, 657, 1742 
vagina, 599, COO, 1739 
vulva, 591, 1739 
Wilms’ tumor, 1560, 1759 
of prostatic hyperplasia. 1745 
Radical removal of genital tract for tu- 
berculosis, 510 

Radium and x-ray burns of bladder, 993 
therapy (see Radiation) 

Raphe, penile, 224, 225. 360, 608 
penoscrotoperineal, cysts and canals of, 
240 

penneal, 224, 360, 608 
scrotal, 224, 360, 376 


scrotum, amputation of, 513 
Rcenstiemo skin test for chancroid, 262 
Reflux, vesico-tireteraJ, 1228 


Reimplantation of ureter into bladder, 1303, 
1316, 1318; 331. 1319 


tests of (see Tests) 
pelvis, anatomy of, 1352 


du 


embryology of, 1208, 1346 
inflammations of (see Pyelitis. Pyelo- 
nephritis) 
injuries of, 1403 

irrigations of, 1473, 1611, 1715, 1716 
leukoplakia of, 1529 
non-specific infections of, 1450, 1461, 
1474 

norma], pyelograpbic appearance of, 
143; 111 144 

papilloma of, 1546, 1547, 1552 
radiation therapy of tumors of, 1553, 
1560, 1758 

resection of redundant, 1313, 1404; 

111. 1308 
rupture of, 14A3 
tumors of (see Tumors) 
rickets, 1447 
treatment of, 1449 
sympathectomy, 1708, 1710 
Replacement lipomatosis of kidney, 1485; 
111. 1486 

Resectoscopes, types of, 9 13, 111. 913-919 
Residual urine, determination of, 81 

excretory urography as measure of, 17! 
Retrograde pyelo-ureterography, 112, 122, 
129 

care of patient following, 122 
complications of, 132 
contrast media for, 131 
in children, 123 

indications and contraindications for, 130 
preparation of armamentarium for, 112 
of patient for, 113 
serial method of, 133; 111. 133, 134 
advantages of, 135, 154, 1420, 1626 
technic of, 135 
technic of, 131 


Rhabdomyosarcoma of prostate, 862, 863, 
865 

spermatic cord, 464 1 

Ribbon gut, 1673 

use of, for ligating friable renal pedicle 
in nephrectomy, 1664; IU 1665 
for plicating external sphincter follow- 
ing penneal prostatectomy, 897; 
111. 902 
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Ribbon, gut, use of, in calyceal resection, 1684 
heminephrectorny, 1670, 1691, 1694; 

ItL 1672, 1691, 1692 
nephropexy, 1703; HL 1701-1705, 
1706 

nephrotomy, 1672; HI. 1675-1677. 
1678 

plication operation for impotence, 312, 
350; 111. 351-357 

plication operation for incontinence 
of urine in female, 1140; 111. 
1142-1143 

plication operation for incontinence 
of urine and feces in male, 1137; 
111. 1140, 1141 

repair of kidney injuries, 1693; 111. 
1696-1698 

repair ol vesical otiBce following total 
perineal prostatectomy, 928; III. 
927, 928 
Rickets, renal, 1447 
treatment of, 1449 
Roentgen therapy (see Radiation) 
Roentgenograms, plain, of bladder, 129; 

extra-urinary abnormalities, for differen- 
tial diagnosis, 127; III 161, 162, 
167 

genito-urinary tract, 12S 
preparation of patient for, 125 
routine method of securing, 126 
kidney, 126; 111 149,165 
prostate, 129 
ureter, 128 
urethra, male, 129 

postoperative, in unnary calculus, 1324 
preoperative, in urinary calculus, 1610 
Rotation of kidney, 1349 
abnormal, 1382 
Rudimentary penis, 230, 615 
Rupture of bladder, 118, 179, 182, 918, 988; 
111. 989 

cystography in, 182, 992 
excretory urography in, 179, 992 
operative treatment of, 992, 1120 
kidney, 170, 1395, 1399; 111. 169, 1397 
diagnosis of, 1401 

operative treatment of, 1695, 1698, 
111. 1696, 1697, 1698 
penis, 249 
treatment of, 250 
renal pelvis, 1403 
testicle, 407 

tunica vaginalis in hydrocele, 404 
ureter, 170, 1232, 1315 
urethra, male, 634, 679 
operative treatment of, 637, 679, 684; 
111,682,683 

postoperative dilatation in, 685 
mtb extravasation o! urine, 635 
operative treatment of, 637, 679, 6S4; 
111.6S0.681 

Sacral and parasacral anesthesia (see Anes- 
thesia) 


Sarcoma of bladder, 1038, 1039, 1046, 1050, 
1055, 1057, 1093 

kidney, 1562, 1563, 1567, 1568, 1571 
treatment of, by surgery and radiation, 
1573, 1760. 
penis, 298 

multiple hemorrhagic (Kaposi's dis- 
ease), 300 

prostate, 860, III 860-862, 864 
treatment of, by surgery and radiation, 
865 

renal pelvis, 1546 
spermatic cord, 463, 464 
ureter, 1252 
urethra, female, 770 
male, 656, 668 
vagina, 600, 1740 
vulva, 591, 1740 

Scabies of scrotum and perns, 414 
Scarpa’s triangle, 229, 323 
Schistosoma haematobium infestation (see 
Dilharziasis) 

Sclerotic diseases of kidney, 1433 
Sc-nti.™ ann jra 


anesthesia for surgery of, 218, 486 

anomalies, congenital, of, 375 

artenes of, 366 

bilobate, 375 

blood supply of, 366 

calcified sebaceous cysts of, 432 

calculi and concretions of, 431 

carcinoma of, 429, 431, 1736 

chancre, syphilitic, of, 417 

chancroid of, 417 

condyloma lata of, 417, 418 

contusion of, 400 

cutaneous affections of, 256, 414 

dartos of, 365, 366, 367 

diseases of, 414 


granuloma inguinale of, 419 
gumma of, 418 

hematoma of, 401, 404, 431, 473; III. 243 

injuries of, 400 

innervation of, 367 

lipoma of, 427 

lymphatics of, 229, 367 


plUIUUS 01, 410 

radiation therapy of tumors of, 431, 1736 
raphe of, 224, 360, 376 
cysts and canals, congenital, of, 240 
redundant, amputation of, 513 
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scabies of, 414 

sebaceous cysts of, 428; Hi. 428 
calcified, 432 

suspensory for support of, 519; TIL 518 

syphilis of (see Syphilis) 

tumors of (see Tumors) 

veins of, 366 

wounds of, 400 

Sebaceous cysts of scrotum, 428; IU. 428 
calcified, 432 
^ vulva, 589 


testicle, 369, 385, 386 

Seminal fluid, 525, 526 
microscopic examination of, in sterility, 
476 

Seminal vesicle, 361, 529, 560 
abscess of, 548, 550 
absence, congenital, of, 526 
anatomy of, 524 

anesthesia for surgery of, 218, 560 
anomalies, congenital, of, 526 
applying heat to, methods of, 566 
arteries of, 525 

bacteriophage therapy of, 546, 567 
calcification of, 532, 552 
calculus of, 552; 111. 552 
carcinoma of, 550, 551, 1739 
diseases of, 535, 553 
duct of, 523, 524, 525 
embryology of, 361, 521 
gonorrheal infection of, 535, 546, 710, 712, 
713, 724 
injuries of, 529 
innervation of, 525 
lymphatics of, 525 
massage of, 546, 564 


jov; in. ojy 

operative treatment of, 560 
physiology of, 526 

preoperative preparation for surgery of, 
560 

radiation therapy of tumors of, 551, 1739 
rectal palpation of, 17, 541 
secretion of, 525, 526 
examination of, 18, 541, 565, ?16, 814 
stripping of, 18, 541, 546, 566 
syphilis of, 547 

tuberculosis of (see Tuberculosis) 
tumors of (see Tumors) 
veccinc treatment of, 546, 567 
veins of, 525 

Seminal vesiculectomy, 510, 561 
technic of, 561 
Seminal vesiculitis, 535 
clinical forms of, 538; 111. 542, 543 
diagnosis of, 540 
differential diagnosis of, 545 


gonorrheal, 535, 546, 710, 712, 113, 724 
pathology of, 536 
treatment of, 546, 562 
Seminal vesiculography, 185; IB. 539, 542, 
543 

after-care following, 187 
indications for, 185, 477, 545, 550 
ttchnic of, 186 
Seminal vesiculotomy, 560 
technic of, 561 

Seminoma of testicle, 451, 453 
Serial pyelo-ureterography, 133; Iff. 133, 134 
advantages of, 135, 154, 1420, 1626 
technic of, 135 
Seven-glass test of urine, 26 
Simple cyst of kidney (see Cysts) 

Sims’ operation for vesicovaginal fistula, 
1129 

Sinus epididymis, 366 
pocu&ris (see Utricle, prostatic) 
rtnahs, 1352 

Skene’s gland, 750, 756, 757, 758 
abscess of, 760, 761, 762, 782 
adenocarcinoma of, 769 
electrocauterization of, 7 82 
excision of, 782; 111. 882 
Smegma preputii, 227, 234. 253. 309, IU. 254 
Smithwick’s method of splanchnic resection, 
1711 

Sodium hypobromite test for quantitative 
estimation of urea, 51 
Solitary kidney, congenital, 1362; 111 1363 
treatment of, 1365 
cyst of kidney (see Cysts) 

Sounds, urethral, 71, 661 
technic of passing, 73 
Specific gravity of urine, 30, 50 
Spermatic cord, anatomy of, 373 
anesthesia for surgery of, 218, 486 
dermoid cysts of, 464 
embryology of, 363, 364 
fibroma of, 463 
hydrocele of, 468, 470 
leiomyoma of, 464 
lipoma of, 427, 463 
lymphangioma of, 464 
operative treatment of, 486 
preoperative preparation for surgery of, 
486 

sarcoma of, 463, 46 4 
torsion of, 411, 413, 487 
orchidectomy for, 495 
tumors of (see Tumors) 

Spermatocele, 445,473 
fluid, 474 

treatment of, by aspiration and injection, 
511 

extirpation, 513, 111. 514, 515 
Sphincter, external (urethral), 614, 793, 897, 
902, 968, 973, 976, 979 
plication of, following perineal prosta- 
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Spina bifida, incontinence of urine in, 1091, 
1092 

Spinal anesthesia {see Anesthesia) 

Splanchnic resection for arterial hyperten- 
sion, 1711 _ 

Spontaneous fulminating gangrene of scro- 
tum and penis, 419 

Staining urinary specimens, 38, 39 

Staphylococcus focal infection of renal cor- 
tex, 1453, 1481, 1630 
diagnosis of, 1458 
treatment of, 1460 

Stcdman motor suction pump, 1152; 111. 
1153 

Stenosis of ureteropelvic junction (see Stric- 
ture) 

ureterovesical orifice, 151, 1219, 1220, 
127 2, 1284, 1294, 3296 
treatment of, 1269, 1276, 1277 
by operation, 1304; 111. 1305 
urinary meatus, female, 751, 752, 755 
male, 617, 663, 673 
vagina, 598 

Sterihty in male, causes of, 475 
epididymo-vasotomy for, 505, 508; HI. 
507, 509 

microscopic study of semen in, 476 
treatment of, 477, 505 

Streptococcic balanopreputial intertrigo, 257 


m. 

serial pyelograro in, 135 
sex and age incidence of, 1271 
symptoms of, 1277 
treatment of, by dilatation, 1276 
surgery, 1277 

ureteropelvic junction, 1282; 111. 153 
associated with anomalous renal blood 
vessels, 1280, 1309 
diagnosis of, 12B2, 1309 
operative treatment of, 1283, 1305, 
1311; III 1307, 1303 

ureterovesical orifice, 151, 1219, 1220, 
1272, 1284, 1294, 1296 
treatment of, 3260, 1276, 1277, 1301; 
111. 1305 

urethra, female, 183, 771 
congenital, 751, 752, 771 
senile, 772 

treatment of, 753, 772, 773 
urethra, male, 103, 657, 918 
congenital, 13, 617, 658 
etiology of, 640, 657, 712 
spasmodic, 657 

treatment of, by dilatation, 661, 673 
elcctrosurgery, 678 

external urethrotomy, 662, 667, 675 
internal urethrotomy, 662, 671 
resection, 676; 111 677, 678 


urinary meatus, in female, 751, 752, 755 
male, 617, 663, 673 
vas deferens, 475, 477, 532 

Stripping of seminal vesicle, 18, 541, 546, 
566 

Stylets, ureteral, 85 
urethral, 77 

Subarachnoid injection of alcohol for bladder 
pain, 1195 

Subcapsular nephrectomy, 1664 

Subcervical glands (of Albarran), 792, 799. 
831, 842, 934 

Subcutaneous excretory urography, 141 

Subtotal and total paravertebral sympa- 
thectomy for arterial hyperten- 
sion, 1712 


general rules for therapy with, 1174 
in treatment of chancroid, 266 
cystitis, 1006, 1007, 1012 
gonorrhea in female, 763 
male, 717, 719, 722, 724, 727 
gonorrheal vulvovaginitis in children, 
t _ i 592 



method of determining concentration of, 
in bleed am} other tissue Quids, 

1175 

mode of action of, 1163 
pharmacology of, 1 163 
renal obstruction due to crystalline de- 
posits in therapy with, 1171 
toxic complications of, 1170 
use of, in preoperative preparation and 
postoperative care in uretero- 
intestinal anastomosis, 1169, 
1335, 1336 

in prophylaxis against gonorrhea and 
chancroid, 719 

Supernumerary kidney, J365; III. 1366 
testicle, 376 
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Suprapubic cystostomy, 1105, 1150 

preliminary to prostatectomy, 883, 886, 
891 

technic of, 886, 1105- 111. 1103, 1104 
lithotomy, 1125 

prostatectomy (see Prostatectomy) 
suction cup, 1151; III. 1151, 1152 
drainage, 1150, 111 1150, 1153 
Syphilis, 266 

chancre (primary lesion) of, 266 
in urethra, female, 765 
male, 637, 638, 765 
vagina, 597 

on penis, 266, 301; Hi. 277 
differential diagnosis of, 259, 263, 
270, 279, 283, 415 
scrotum, 417 
vulva, 585 

dark field examination in, 268, 298 
determining freedom from, 276 
etiology of, 267 
of bladder, 117, 1023 
kidney, 1S12, 111. 1513 
penis, 266, 295, 297; HI. 277 
prostate, 820 
scrotum, 417, 418 
seminal vesicle, 547 
testicle and epididymis, 445, 459, 111. 
447 

ureter, 1247 
urethra, female, 765 
male, 637 
vagina, 59 7 
\as deferens, 532 
vulva, 585 
treatment of, 270 
drugs used in, 271 
general requirements of, 273 
with hyperpyrexia and chemotherapy, 

Wassermann test in, 268 

Tabetic bladder, 1135; III. 989, Plate III 
Teratoma of testicle, 44, 451, 453, 459, 
461, 498, 1736; 111 454, 455 
Test, Albarran's experimental polyuria, 50 
Ambard’s excretion-retention, of renal 
function, 62 

McLean’s modification of, 62 
Benedict’s, for sugar in urine, 31 
complement-fixation, for echinococcus re- 
nal disease, 1523 
gonorrhea, 707, 716, 727, 765 
Corper's crystal-violet-potato, for tubercle 
bacilli in urine, 42 
erythrocyte sedimentation, 67 
F eh ling’s, for sugar in urine, 31 
for acetonuria, 32 
diaceturia, 32 

Frei, for lymphogranuloma venereum, 293, 
597 

Galatest, for sugar in urine, 31 
guinea-pig, for urinary tuberculosis, 42, 
1028, 1503, 1501 


heat and acetic add, for albumin in urine, 30 
hormonal, for early pregnancy, 43 
tumor of testicle, 44, 451, 453, 459 
indigo-carmine, of renal function, 49, 121, 
1388 

intradermal, for echinococcus renal dis- 
ease, 1524 

inulin, of renal function, 1387 
Koranyi’s cryoscopy, of renal function, 66 
methylene blue, of renal function, 48 
Mcsenthal diet, of renal function, 49 
nitrazine, for /H of urine, 33 
phrnolsulphonphthalein, of renal func- 
tion, 46, 121 

phloridzin, of renal function, 49 
predpitin, for renal echinococcus disease, 
1523 

Reenstierno skin, for chancroid, 262 
seven-glass, of urine, 26 
three-glass, of urine, 24 
two-glass, of unne, 24 
urea-clearance, 64 
urease, for urea nitrogen, 52, 57 
unne-concentration. 52 
unne dilution, 52 
Wassermann, 268 

Iir.u .»» r - -r 


civuuiuue, Ov, oi 
non-protein nitrogen, 59 
urea nitrogen, 57, 64 

of renal function, combined excretion- 
retention, 62 
excretion, 46, 121 
retention, 52 

of urine, animal inoculation, 42 
bacteriological, 23, 41, 42, 120 
chemical, 30 
clinical, 24 
glass, 24 
microscopic, 35 
ph> sical, 27 

Testicle, absence, congenital, of, 376 
adenocarcinoma of, 454, 461 
anatomy of, 367 

anesthesia for surgery of, 218, 486 
anomalies, congenital, of, 376 
arteries of, 370 

atrophy of, 371, 379, 388, 409, 413,434, 
435, 473, 475 
autolysis of, 410 
blood supply of, 370 
carcinoma of, 454, 461, 498, 1736 
chorion epithelioma of, 454, 455, 459; 

Frontispiece 
contusion of, 405, 407 
descent of, 363 

influence of hormones on, 361, 379, 478 
diseases of, 433, 477 
ectopic, 364, 376, 477; 1U. 494 
operative treatment sf, 379, 487, 493; 
111. 195-499 
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Testicle, embryology of, 361 
gangrene of, 413 
gumma of, 446, 459 
herniation of, 400, 401, 403 
hormones of, 361, 379, 3S6, 388, 392, 478, 
90S 

inflammations of (see Orchitis) 
injuries of, 405 
innervation of, 371 

interrelation of, and other endocrine glands, 
390 

luxation of, 409 
lymphatics of, 373, 499 
lymphogranulomatosis (Hodgkin’s dis- 
ease) of, 462 

microscopic structure of, 361, 368 
morphological rests of, 361, 375 
neuralgia of, 449 

non-descent of (see Cryptorchidism) 
non-operative treatment of, 517 
operative treatment of, 486 
palpation of, 19 
physiology of, 385 

postoperati\e care following surgery of, 
494, 497, 499, 512, 513, 517 
preoperative preparation for surgery of, 
486 

radiation therapy of tumors of, 387, 462, 
1736 

rupture of, 40 7 
secretion of, 369, 385, 386 
seminoma of, 451, 453 
supernumerary, 376 
supports of, 374 
syphilis of (see Srohilis) 
teratoma of, 44, 451, 453, 439, 461, 498, 
1736, III 454, 455 
torsion of, 411, 413, 437, 487, 495 
operative treatment of, 493 
transplantation of vas to. following epl- 
didymectomy, 501; 111. 506 
tuberculosis of (see Tuberculosis) 
tumors of (see Tumors) 
undescended (see Cryptorchidism) 
veins of, 370 __ 
wounds of, 403, 407 
Three-glass test of urine, 24 
Thromboangiitis obliterans of spermatic 
vessels, 450 

Torek technic of orchidopexy, 490 
Torsion of hjdatid of Morgagni, 414 
testicle, 411, 437, 487 
etiology of, 437 
treatment of, 413, 495 
Total perineal prostatectomy (see Prostatec- 
tomy) 

T ranspen ton eal nephrectomy, 1668; IQ. 
1667, 166S 

nyelotomy in ectopic kidney, 1683; IU. 
1681-1683 

Transplantation of ureters to intestine (see 
Anastomosis, uretero- intestinal) 
to skin in exstrophy of bladder, 1123 


urethra to perineum following amputation 
of penis for carcinoma, 332: 111. 
329,^330,331 t 


Transurethral resection of bladder tumors, 
1147 

median bar, 844, 910 


instruments for, 912; 111. 913-919 
postoperative care follow ing. 917 
complications of, 917 
preliminary preparation of patient for, 
880,911 
technic of, 915 

vasectomy preliminary to, 911 
Trichomonas taginalis infestation of blad- 
der, 1036 
prostate, 824 
urethra, male, 641 
vagina, 595, 596 
Trigonum vesicae, 953; Plate I 
anatomy of, 949, 951 
embryology of, 944, 946 
hypertrophy of, 1065; Plate V 
excision of. 1067, 1145; 111. 1145 
innervation of, 971 
Triplication of ureter, 1218 
Tuberculosis of bladder, 1026, 1497: Plate 
III 

diagnosis of, 102S 
treatment of, 1029, 1196, 1324 
Cowper’s gland, 739 
kidney, 1487, 1631 
acute miliary, 1492, 1511, 1632 
autonephrectomy in, 1498 
clinical lesions of, 1494, 1500, 1507 
diagnosis of, 1500 


preclimcal lesions of, 1493, 1500. 1507 
roentgenography in, 155, 1505; III. 158 
symptoms of, 1498 
treatment of, 1196, 1S07, 1532 
penis, 287 

differential diagnosis of, 279, 283, 288 
treatment of, 288 

prostate, 821; 111. 822 
etiology of, 440, 547, 82 f 
pathology of, 823 
treatment of, 510, 824, 920, 1196 
seminal vesicle, 547, 822, 823 
etiology of 440, 547 
treatment of, 510, 548, 1196 
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testicle and epididymis, 440, 477, 111. 442 
differential diagnosis of, 444 
etiology of, 440, 482 
treatment of, 445, 502, 510, 111 503-505 
ureter, 1151, 1497 

operative treatment of, 1524, 1366, 
III. 1325-1328 

urography in, 155, 1251; Hi 158 
urethra, female, 766 
male, 639 
treatment of, 64 1 

urinary tract, culturing unne for, 42, 1503, 
1504 

diet in treatment of, 1193, 1198 
erythrocyte sedimentation test in, 67 
guinea-pig inoculation test for, 42, 1028, 
1503, 1501 

staining urinary specimens in, 37, 1508 
vagina, 596 

vas deferens, 532, III 531 
vulva, 585 

radical removal of genital tract for, 510 
treatment of inoperable and postoperative 
urogenital, 1196 
constitutional, 1197 
urological, 1196 

with quartz-light irradiation, 1198, 1199 
with tuberculin, 1198 
Tuberculous meningitis, 1511 
Tumors of adrenal gland, cortical, 1575 
operative treatment of, 1578 
medullary, 1579 
operative treatment of, 1581 
bladder, 1037, 1157 
age and sex incidence of, 1050 
benign, 118, 1038, 1039, 1045, 1046, 
1055 

classification of, 1038 
cystogram and aerogram in, 174, 1054 
cysloscopic appearances of, 1053; Plate 
IV 

diagnosis of, 1053 
etiology of, 1050 
in children, 1092 

in diverticulum, 1049, 1059; 111. 1112- 
1114 

malignant, 9, 1 18, 1038, 1041, 1048, 
1049, 1751; 111. 1040, 1042-1045, 
1054 

metastasis, extension and recurrence in, 
1049 

originating in urachus, 1 059 
securing biopsy specimen of, 1036 
with Kira in rongeur, 107; 111 107 
Lon sley rongeur, 106; 1)1. 106 
treatment of, by fulguralion, excision, 
or electro resection, 1037, 1057, 
1106, 1146, 1147, 1324, 1751, 
1752; 111. 1107-1 111, 1146, 1149, 
1757 

by radiotherapy, 1057. 1110, 1147, 
1850; 111. HU, 1148, 1733, 1754, 
1757 


Cowper’s gland, 742 
treatment of, by operation and radia- 
tion, 743, 1743 
epididymis, 445 
penis, benign, 296 
malignant, 298, III 301-304 
differential diagnosis of, 279, 283, 299 
treatment of, by amputation of penis, 
303, 323; 111 324-331 
fulguration, 333, 1735 
radiation, 303, 1734 

prostate, malignant, 831, 844, 860, 1747; 
111. 847-849, 861-863, 864 
biopsy of, 851; 111 852-835 
treatment of, 498, 857, 865, 918 
by castration, 49S, 858 
estrogenic substances, 859 
radiation, 858, 865, 1747, III 1748 
supervoltage irradiation of testes, 
859 

surgery, 857, 865, 918, 920 , 1747 
transurethral resection, 852, 910, 
1747, III. 1748 
renal parenchyma, 1561 
bilateral primary malignant, 1569 
diagnosis of, 1571 
hypertension in, 1444, 1558 
in adults, 1561; 111. 1564 
hislopatholugy uf, 1562 
pathogenesis of, 1562 
treatment of, by operation, 1573, 1760 
radiation, 1573, 1760 
in children, 1444, 1553 
treatment of, by operation, 1559 
radiation, 1560, 1759 
pyelography in, 159, 1571, III 162, 163 
transpentoneal nephrectomy for, 1668, 
III. 1667, 1668 

renal pelvis, 1545, 111. 1546, 1547 
diagnosis of, 1550 
histopathology of, 1546 


treatment of, by surgery and radia- 
tion, 431, 1736 
seminal \ esicle, 550 

treatment of, by operation and radia- 
tion, 550, 551, 1739 
spermatic cord, benign, 463 
malignant, 464 
treatment of, 464, 1739 
testicle, 368, 445, 451; III 454, 455 
benign, 452 
classification of, 453 
diagnosis of, 456, 458 
etiology of, 452 

hormonal test for, 44, 451, 453, 459 
treatment of, by operation, 46t, 498 
1736; HI. 500, 501 
radiation, 387, 462, 1736 
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Tumors, testicular tunics, 465 
urachus, 1059 
ureter, benign, 1252 
malignant, 1252 

treatment of, 1257, 1324. 1758, HL 
1325-1328 

urethra, female, 103, 769 
benign, 766 
malignant, 769 

treatment of, by operation, 770, 1744 
radiation, 770, 1744 
urethra, male, 103, 618 
benign, 648 
treatment of, 649 

malignant, 650, 656, HI 652, 653, 654, 
655 

treatment of, by operation, 656, 657, 
1743 

radiation, 656, 657, 1742 
vagina, benign, 598 
malignant, 599 

treatment of, by operation and radia- 
tion, 599, 600, 1739 
vulva, benign, 589 
malignant, 590 

treatment of, by operation and radia- 
tion, 591, 1739 

Wilms’, 1553, 1558, 1569, 1635 
treatment of, by operation, 1559 
radiation, 1560, 1759 

Tunica albuginea, 226, 361, 367, 370, 408, 


hydrocele of, 413, 458, 467,478, III. 467 
treatment of, 510, 511, 512 
traumatic rupture of, in hydrocele, 404 
tumors of, 465 
Two-glass test of unne, 24 
Typhoid infection ol kidney, 1516 
Tyrosin m unne, 40 

Undescended testicle (see Cryptorchidism) 
Urachus, 616, 944, 964 
cyst of, 966, 967 
fistula of, 965, 967 
patent, 964, 967 
tumors of, 1059 


antiperistalsis of, 1228 
arteries of, 1212 

atonic, 136, 1228, 1291, 1293, 1412 
bifurcation of, 150, 1214, 1215, 1221, 1224, 
1257; 111. 149, 1366 
operative treatment of, 1225, 1302 
bilharziasis of, 1248 
blood supply of, 1212 
calculus of (see Calculus) 
carcinoma of, 1252 

treatment of, 1257, 1324, 1758: IU. 
1325-1328 

catheterization of, 83, 87, 118, 122, 123, 
1715 

dilatation, congenital, of (see Megalo- 
ureter) 


operative rreatmeni oi, U&j, uiu 
echinococcus disease of, 1250 
ectopic orifices of, 629, 750, 1220, 1223, 
1225; 111. 1216, 1218 
operative treatment of, 1226, 1303 
embryology of, 1208, 1346 
fistula of, 1234, 1235, 1237, 1269 
gonorrhea of, 1246 
granuloma of, 1244 
gumma of, 1247 

injuries of, 170, 1232, 1236, 1412 
treatment of, 1238, 1315, 1316 
innervation of, 1212 

kinks and angulations of, 136, 151,154, 
1219, 1222, 1223, 1224, 1277, 
1294, 1627; lit. 1S3 
treatment of, 1279 
leukoplakia of, 1246, 1252 
lymphatics of, 1212, 1452 
musculature of, 1211 
non-specific infections of, 1239 
obstructions of, 1270 
operative treatment of, 1302 
palpation of, 15 
papilloma of, 1252, 1257, 1758 
peristalsis of, 145, 1226, 1310, 1313 
physiology of, 1226 
polyps ol, 1253; 111. 1253 
postoperative care following surgery of, 
1169, 1314, 1335 

preoperative preparation for surgery’ of, 
1302 

prolapse of, 12S6, 1290 


anomalies, congenital, of, 145, 1213 
operative treatment of, 1225, 1302 


stricture of (sec Stricture) 
syphilis of, 1247 
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transplantation of, into intestine (see 
Anastomosis, uretcro-intestinal) 
triplication of, 1218 
tuberculosis of (see Tuberculosis) 
tumors of, 1252, 1257 
veins of, 1212 
wall of, structure of, 1211 
wounds of, 1232 

Ureterectomy, 1324, 1667, 1669 
with removal of bladder wall surrounding 
ureteral orifice, 1324; UL 1325- 
1328 

Ureteritis, gonorrheal, 1246 
non-specific, 1239 
granulosa, 1244 

Ureteritis cystica, 1240, 1244; 111. 1242, 
1243 

Ureterocele, 118, 1220, 1235. 1294; 111. 1217; 

Plate VI 

etiology of, 1286 
treatment of, 1289 
by figuration, 1290, 111 1287 

Uretero-intestinal anastomosis (see Anas- 
tomosis) 

Ureterolithotomy, 1269, 1270, 1320 
perineal, 1321; IU. 1321 
vaginal, 1323 

Ureteroneocystotoroy, 1303 

Ureteropelvic junction, noa-calculous ob- 
structions of, 1279 
diagnosis of, 1282, 1309, 1313 
due to aberrant renal vessels, 1224, 1272, 
1279, 1280, 1283, 1309, 1312; 
111. 1280, 1410 

fibrous bands or adhesions, 1272, 1279, 
1410 

high insertion of ureter, 1282, 1309, 

1311 

hypertrophy of ring muscle, 1309 
stricture, 1282, 1283, 1305, 1309 
operative treatment of, 1283, 1305 
by Fenger procedure, 1307; IU. 1307, 
1.109 

Foley Y-plasty, 1309, 1311, 1313 
Rammstedt procedure, 1309 
ureteropyeloncostomy, 1311, 1312, 
1313 

prolonged nephrostomy drainage and 
ureteral splinting in, 1311, 1312 
postoperative care following plastic sur- 
gery for, 1314 
symptoms of, 1282 

Ureteropyeloneostomy, 1311, 1312, 1313 

Ureterovesical orifice, 1211, 1228, 1291 
enlargement of, by figuration or cysto- 
scopic scissors, 1269, 1277 
stenosis of, 151, 1219, 1220, 1272, 1281, 
1294, 1296 

treatment of, 1269, 1276, 1277, 1304; 
111. 130 S 

Urethra, female, 748, 755, 781 
absence, congenital, of, 751 
anatomy of, 749 

anesthesia for surgery of, 21 7, 781 
anomalies, congenital, of, 751 


arteries of, 750 
calculus of, 776, 777 
carcinoma of, 103, 769 
treatment of, 770, 1744 
caruncle of, 103, 767, 770 
chancre, syphilitic of, 765 
crista urethralis of, 749 
crypts of, 750 

dilatation, instrumental, of, 759, 764, 772, 
777 

diseases of, 757, 777 
diverticulum of (see Diverticulum) 
duplication and bifurcation of, 751 
ectopic ureteral orifices in, 752, 777 
embryology of, 569, 748 
fibroma of, 769 

fistula of, communicating with vagina, 
756 

repair of, 784; 111. 784, 785 
glands of, 749, 750, 755, 756, 757, 758, 
760 

gonorrheal infection of, 755, 759 
granulomas of, 758, 759, 768 
injuries of, 755, 756 
innervation of, 750, 769 
lacunae of, 757, 758 
lymphatics of, 615, 750 
meatus of, 750, 765, 771, 773 
steuusis of, 751, 752, 755 
musculature of, 750, 969 
myoma of, 769 

non-specific infections of, 755, 759 
operative treatment of, 781 
papilloma of, 766 
physiology of, 753, 968 
polyps of, 758, 759, 766 

postoperative care following surgery of, 

785 

preoperative preparation foe surgery of, 
781 

prolapse of, 103, 755, 756, 773, 777, 783 
sarcoma of, 770 
stricture of (see Stricture) 
tuberculosis of, 766 
tumors of (see Tumors) 
urethrography in lesions of, 183, 772, 775, 
776 

urethroscopic appearance of, 103 
valves, congenital, of, 752, 777 
vans of, 750 

Urethra, male, 607, 632, 672 
abscess of, 644, 645 
absence, congenital, of, 615 
accessory, 626, 231 627 
excision of, 628, 696; IU 694 
adenoma of, 648 
anatomy of, 226, 610 
anesthesia for surgery of, 217, 672 
angioma of, 649 

anomalies, congenital, of, 102, 615 

atresia of, 616 

bums of, 633 

calculus of (see Calculus) 

carcinoma of (see Carcinoma) 

catheterization of, 74, 77, 78 
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Urethra, chancre, syphilitic, of, 637, 638 
cylindrical syphiloma of, 638 
cyst of, 645, 648 

dilatation, instrumental, of, 661, 673, 676, 
685, 699, 722, 746, 816 
diseases of, 637, 667 
diverticulum of (see Diverticulum) 
duplication of, 626 
ectopic ureteral openings into, 629 
embryology of, 225, 607 
epithelioma of, 650, 656, 1742, III. 652, 
653, 654, 655 

examination of, with bougies, sounds, etc., 
71 

fibroma of, 619 
fistufa of, <54/; I« 647 
communicating with perineum, 738, 740 
excision of, 691, 693, 111. 689, 690 
communicating with rectum, repair of, 
694; 111 691-693 
foreign body in, 632 

glands of, 613, 614, 614, 709, 710, 71J, 722 

gonorrheal infection of, 701 

gumma of, 639 

imperforate, 616 

injuries of, 632 

operative treatment of, 679; III. 6S0, 
681, 682, 683 
innervation of, 969 
lacuna magna of, 102, 613 
lymphatic# of, 325, 615 
meatus of, 226, 613, 663, 673 
accessory, 628 
atresi* of, 616 
stenosis of, 617, 663, 673 
musculature of, 612, 613, 614, 968, 969 
mjoma of, 649 

nonspecific infections of,_643, 717 
operative treatment of, 672 
papilloma of, 648 
physiology of, 629, 968 
jjolyps of, 618 
postoperative care of, 699 
preoperative preparation for surgery of, 
672 

prostatic-duct openings into, 610, 792 
rupture of, 634, 679 

operative treatment of, 637, 679, 684, 
III 680-683 
sarcoma of, 656, 668 
sphincter, external, of, 614 
stricture of (see Stricture) 
syphilis of, 637 

trichomonas vaginalis infestation of, 641 
tuberculosis of, 639 
tumors of (see Tumors) 
urethrograms in study of, 172, 176; III. 
178 

urethroscopic appearance of, 101 
examination of, 87 

valves, congenital, of posterior, 617, 618, 
1284, III, 618, 619, 622 
treatment of, 624, 685 
with resectoscope, 6S6; 111. 686, 6S7 
y ounds of, 632 


Urethritis, gonorrheal, in female, 755 759 
male, 701 

non-specific, in female, 75 S, 757 
male, 643, 717 
Urethrocele, 756, 774 
treatment of, 776 
Urethrography', inj'ection, 172 
contrast media for, 172 
in female, 183 
technic of, 175 
uses of, 176 

Urethroperineal fistula (see Fistula) 
Urethroscopes and cysto-urcthroscopes, care 
Of. Ill 
types of, 87 
Urethroscopy, 87 
anesthesia for, 100 
in children, 122 
indications for, 100 
instruments for, 87, 122 
preparation for, 100 
technic of, 101 

Urethrotome, Maisonneuve, 674 
Otis, 674 

Urethrotomy, external. 662, 667 
technics of, 675, 676 
internal, 662, 773 
technic of, 674 

Urethrovaginal fistula (sec Fistula) 

Urinary antiseptics, 1162, 1177 
in cystitis, 1006, 1007 
kidney infections, 1471, 1472, 1611 
neurogenic vesical dysfunction, 1088 
Urination (see Micturition) 

Unne, acetone in, 32 
albumin in, tests for, 30 
animal inoculation tests of, 42 
bacteria in, 37 

bacteriological tests of, 23, 41, 42, 120 

Benedict’s test for sugar in, 31 

blood in (see Hematuria) 

casts in, 40 

chemical tests of, 30 

chyle in, 28 

clinical tests of, 24 

color of, 27 

collecting specimens of, 21 
from individual kidney, 118 
concentration test, 52 
connective tissue fibers in, 36 
crystals in, 2S, 35, 40 
due to sulfatherapy, 1171 
cystine in, 29, 40 
diacettc acid in. 32 
dilution test, 52 

diversion of, in urogenital surgery, 3.44, 
637, 781, 786 
epithelial cells in, 36 
examining unstained specimen of, 39 
extraneous structures in, 41 
extravasation of (sec Extravasation) 
fat globules in, 40 
Tehling’s test for sugar in, 31 
Galatest for sugar in, 31 
gia«s tests of, 24 
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hydrogen-ion concentration of (see #H) 
incontinence of (see Incontinence) 
leucin in, 40 

microscopic examioa tian of, 23, 25, 35, 120 
odor of, 29 

organized sediments in, 40 
parasites and ova in, 28, 37 
pH of, 32, 120 
methods of determining, 33 
physical tests of, 27 
preservatives for, 22 
quantity of, 29 
reaction of, 32 
residual, 81, 171 
shreds in, 29 
specific gravity of, 30, 50 
staining specimens of, 37, 38, 120 
sugar in, tests for, 30 
tyrosin in, 40 

unorganized sediments in, 39 
urea nitrogen in, tests of, 51, 120 

Urography (see Excretory; Retrograde) 

Urological examining and treatment tables, 96 
case history, 1 

Urticaria of penis, 256 ^ ^ 


Vaccine therapy of bladder, 1195 
gonorrhea, 725 
kidney, 1473 
prostatitis, 817, 937 
seminal vesiculitis, 546, 567 
Vagina, absence of, 577 
adenomyoma of, 599 
anomalies, congenital, of, 577 
atresia of, 577, 581, 595, 598 
carcinoma of, 599, 1740 
chancroid of, 597 
chorionepithelioma of, 600, 1740 
condyloma acuminata of, 597 
condyloma lata of, 597 
cysts of, 598 
diseases of, 594 
duplication of, 577 
embryology of, 570 
rfiroma of, 599" 
gangrene of, 595 

gonorrheal infection of, 591, 592, 594, 111 
593 

inflammations of, 594 
injuries of, 581 
lipoma of, 599 

lymphogranuloma venereum of, 597 
polyps of, 598 

radiation therapy of tumors of, 599, 1739 
removal of ureteral calculus through, 
1323 

sarcoma of, 600, 1740 
stenosis of, 598 
syphilis of, 597 

trichomonas vaginalis infestation of, 595, 
596 


tuberculosis of, 596 
tumors of (see Tumors) 

Vaginismus, 598, 600 
Vaginitis, 594 
treatment of, 595 

Valves, congenital, of posterior urethra, 102, 
617, 618, 1284, III 618, 619, 622 
diagnosis of, 623 
etiology of, 621 
in female, 752, 777 
treatment of, 624, 685 
with resectoscope, 685; 111 686, 687 
Varices of bladder, 117 
vuK a, 582 
Varicocele, 371, 471 
treatment of, 472, 514 
by injection, 515 
operation, 516 
Varicocelectomy, 516 
Vas deferens, 373, 521, 529, 556 
ampulla of, 521, 523 525 
calcrBcation of, 532; JO 534 
anastomosis of, 559, 111. 559 
anatomy of, 522 

anesthesia for surgery of, 218, 556 
anomalies, congenital, of, 526 
arteries of, 524 
diseases of, 529, 553 
embryology of, 361, 521 
gonorrheal infection of, 529 
injuries of, 408, 529 
innervation of, 372, 373, 524 
lymphatics of, 373 
non-operative treatment of, S62 
non-specific infection of, 530 
operative treatment of, 486, 556 
palpation of, 19 
physiology of, 526 

preoperative preparation for surgery' of* 
556, 560 

stricture or occlusion of, 475, 477, 532 
syphilis of, 532 

transplantation of, to skin of groin follow- 


^ tuberculosis of (see Tuberculosis) 
firs puncCure, dob 
Vasectomy', 557 

preliminary to prostatectomy, 557, 887, 
891 

transurethral resection, 911 

technic of, 557 ; 111 558 
Vasotomy, 556, 56 6 
technic of, 557 
Veins of bladder, 956 
Cowper’s gland, 736 
epididymis, 371 
kidney, 1350, 1358 
anomalous, 1381, 1383; III, 1410 
perus, 228, 356 
prostate, 797 
scrotum, 366 
seminal vesicle, 525 



